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TABLE 22
NUCLEAR gQ~ER ~OST PREDICTIONS (constant '79$)

YEAR ill: ACTUAL!:Im-'8Q'S
.l'.!llilllcrIQ1i! ~~ ~ ~ PL1>1i!1!:QJ>1J>ill

CAPITAL COSTS
PER KILOWATT

$290 $370 $680 $2225

-----------------------------------------------------------
TOTAL GENERA- 9r1/kwh 11~1/kwh
TING COSTS

21M/kwh 61M/kwh

-----------------------------------------------------------

Sources
1) 1963-1968 cost estimates: Burn 1967, p. 38; perry 1977.
pp. 30 ,3 5; J'Q.rtJJ~ 9/ 66; JUi<Q.tti>@.l ~QxlQ 5/ 2/ 66; ®~ XQU
Timgj2 4/10/66; Quirk and Montgomery 1978, p. 24; U.S•• AEC

1968ai Little 1968.
2) 1969-1972 cost estimates: Quirk and Hont90mery 1978. p.
24; U.S•• AEC: 1970a, 1972b; House committee on Interior and
Insular Affairs 7/12/79 p. 226.
3) 1973-1974,cost estimates: U.S., AEC: 1973b. 1974C; Quirk
and Hontgomery 1978, p. 24.
4) Actual Costs refer to current estimates for reactors due
on line in mid-eighties, see Table 23.
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2l An QT Model Qf Nuclear ~ projections
The dominance of the nuclear planning context 1950-

1970 by promotional interests contributed to cost

underestimation in several ways. The vendors and AEC were

spurred to promote misleadingly optimistic cost

expectations by inter-technology competition for OT status

and.zor in tr a-n uclear technology competion for mar ket

share. [1] Even if partially contradicted by subsequent

experience, such expectations could impart critical mass

advantages to the nuclear sector and prosletizing firms.

The utilities and their consultants were discouraged

from critical cost review by their: expected insulation

from cost overrun penalties, self-interest in successful

nuclear development, traditional reliance on the vendors'

technical judgment, and \ deference to the self-fulfilling

prophecy aspect of OT dynamics. [2] Eventually, a modified

"emperor has no clothes" syndrome emerged, as many nuclear

firms sought to protect prior nuclear investments by

encouraging ,overall nuclear expansion.
Several ideological and institutional

characteristics of the 1950-1965 period increased the

industry's potenti al for sel f-deception by insulating the

sector from critical review. Among these were: the

classified nature of early nuclear information, the

dominance of "hands-on" expertise by nuclear promoters,

the relative absence of pUblic interest group attention to
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utility issues, the "organization-man" outlook of nuclear

personnel, the public's awed fascination with the atom, and

the cold w ar,
The result of this insularity was a severe

methodological inbreeding (Bupp and Derian 1981,

81,227).[3] Kuhn's (1966) study of nuclear manpower

illuminates how a narrowness of scope and sameness of

perspective were reproduced within nuclear firms. Written

prior to nuclear's economic problems, the study is

generally sympathetic to the industry. It is only with

hindsight that its analysis of manpower policy presages

forecasting errors. [4]
Repeating the history of radiation hazard

assessment and alternative energy R&D evaluation, the early

nuclear -planni nq context imposed data and methodological

constraints on cost forecasting. The boundries oriented

conclusions towards nuclear expansio~ The most important

constraints reflected:
1) The paucity of empirical cost data for large

sized reactors and the proprietary nature of true turnkey

costs. Through 1970 complete cost information was

available for only 5 500+MH plants. Due to data

limitations, the first regression analysis of nuclear

costs was not pu blL'sh ed until 1974. Information gaps in

areas such as capacity performance and decommissioning
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costs were even larger, allowing promotional claims to

dominate actual experience.
2) The underestimation of quality control

requirements and the economic significance of existing gaps

in nuclear engineering knowledge. Especially important was

the neglect of the technical uncertainties associated with

the 500% scaling leap of the 1960's.[5]
3) The misuse of learning curve theory. Cost

reduction schedules appropriate for a mature technology

were applied to an immature one, projecting learning gains

across rather than along tasks. Thus though learning

did occur in the seventies, it was overwhelmed by the

impact of unanticipated technical problems.[6] As

demonstrated in Chapter 6, the progressive tightening of

accident prevention standards was the chief cause of real

nuclear cost increases. Neglect of this phenomena was

formalized in engineering studies of expected nuclear

costs that assumed static design requirements.
\

4) The neglect of anomalous findings or data in

conflict with popular optimism. Little attention, for

example, was given to the implications of prior cost

overruns and the institutional interests of most nuclear

cost forecasters.
The most general cause for nuclear cost

misestimation was the technology's unexpected loss of OT

status. The latter escalated hazard containment and credit



362

costs, reduced regulatory and sub si dy support, shifted R&D

funds towards non-nuclear technologies and minimized the

capture of systemwide efficiencies.

Without appeal to the OT framework, the period's

oversights and risk-laden investment can appear

anomalous. By 1962, for example, Rand Corporation analyses

had confirmed the common sense notion that cost overruns

are positively correlated with the level of technological

leap attempted (Hansfield 1968a, 57-58). The suprising

aspect of the bandwagon market's scaling effort is not that

unan ti ci pa ted engi neer ing problem s a r ose, but tha t a

detailed and optimistic cost consensus emerged which

required neglect of technical uncertainties.

The history of this consensus is analyzed below. The

discussion chronicles the behavior of overall generating

cost projections, with special attention directed to plant

construction cost estimates. Subsequent sections focus on

cost pr ed i ct ions for other components of the nuclear

production function. The OT framework is used to examine

how social contexts can determine the economic meaning of

uncertainty. This is especially true when future

expectations dominate existing data in determining economic

forecasts. By focusing on the path character of expected

nuclear costs, the framework ties cost predictions to the

current status of OT competition.
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11 Nuclear Plant £onstruction ~ Qverall
~enerating ~ Projections

The early character of nuclear power cost studies
established a pattern that persisted until the late

seventies. Technical reports underestimated future

engineering problems, and available warnings about cost

trends were ignored. Economic analyses were almost always

performed by self-interested advocates of nuclear expansion

and frequently served more as marketing documents than
forecasting models.

The overly optimistic and quickly pulled together
Thomas report of 1946 served as a basis for a number of

early economic studies and significantly influenced early
business opinion (Hullenbach 1963, 54-55; Kuhn 1966,
21).[7J The more cautious perspective of the General
Advisory Committee (the AEC's chief technical resource)

received less popular attention (Lilienthal 1963, 98-99;

Dawson 1976, 40; Ford 1982, 33-35).[8J Similar neglect

greeted concerns about the political-economic
implications of nuclear's negative externalites.

President Eisenhower's geopolitically motivated

Atoms for Peace speech at the UN in 1953[9J, and the U.S.

presentations at the Geneva conference on atomic energy in

1955, provided a second round of misleading nuclear

optimism. The latter projected future nuclear costs in the

realm of 1.1-1.3 cents/kwh (Mullenbach 1963). In
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September 1954, AEC Chairman Lewis strauss urged science

journalists to promote nuclear expansion, predicting

electr ici ty "too cheap to meter" (Ford 1982, 50).

In th e mid-f ifti es a for ecasti ng consensus ernerged

that predicted 1980 generating costs in the range of 1-1.5

cents/kwh. The projections boldly assumed scale and

learning cost reductions of 50% from the already optimistic

predictions for plants then under construction.[lO] The

merging of learning curve projections and demonstrated

economic performance characterized nuclear economics for 25

years.

In the early sixties, industry's promotional

forecasts precipitated a third round of short run cost

optimism. In mid-'61 GE and the Pacific Gas and Electric

Company (PG&E) predicted costs of 1.5cents/kwh for their

newly announced Bodega Bay plant. Assuming a 90% capacity

figure (50% higher than nuclear's subsequent performance),

they pr oj'e c t ed a 1% nuclear cost advantage over oil fired

generation (Mullenbach 1963, 69).[11]

In 1962 the AEC released its much quoted study,

.ciyi.lian .N~ilg.h .£Q1ter =- 11.B~J2Q.h.t.tQ .t.h~ li~ll.den.t. The

document cited the convergence of manufacturers' cost

estimates in the neighborhood of 1.4 cents/kwh and foresaw

another .1 cent/kw h dec1 ine over the 1 if e of new 1y bui 1 t

reactor s due to f ut ur e fuel util iza tion impr ovements (U.S.,
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AEC 1962 , 33- 35) • [1 2)
The first turnkey contract was signed in December

1962 and appeared to confirm ahead of schedule the AEC's

optimism.
Generating costs w e r e projected to be

approximately.9 cents/kwh. Capital costs were guaranteed

at $300/kw and projected to be less than $250/kw (U.S.,

JCAE 1968, 44-45).[13)
From late '62 to mid-'66 13

vendor subsidy of 50% (U.S., AEC 1974b 29~ Quirk and

turnkey plants were sold,
at a retrospectively estimated

Montgomery 1978, 15~ Perry 1977, 37). Building on past

optimism, and the widely read AEC study, the loss-leaders

helped precipitate 72 nuclear orders 1963-1969.

Confirming nuclear's capture of OT status was the

TVA's 1966 purchase of a GE reactor near Alabama's coal

f i el d s , The plant had pr edi cted capi tal co st s of $250/kw

and projected generating costs of .5 cents/kwh (U.S., AEC:

1966, p. 77~ 1967b, P 76~ ..E.Q.£.t1!.n~ 9/66), less than one

tenth the constant dollar costs currently expected for

reactors coming on line in the mid-eighties
(KOmanoff

1984a). The contract was widely accepted as J2.£QQ.t of the

coming of age of nuclear power,[14) and well illustrates

the merging of promotial prediction and planning data

encouraged by OT dynamics.
In 1968 the first of a new series of AEC cost

studies, (U.S., AEC 1968a), lent added credibility to the

turnkey estimates. The study projected capital costs of
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$268/kw and overall generating costs of .85 cents/kwh for

plants under construction (pp. 1-27,1-29, 2-4).[15] While

acknowledging the possibility of regulatory escalation, the
report was hopeful that learning and scale economies, and

duplicate pla~t sitings could contain costs (pp. 3-1 to

3-3).[16] The AEC's Jg.1J.Q.l5!axIn.d.1J§1.ryserial of 1969

continued this optimisrn.[17]
By the 1970's experience with the first generation

of full-sized reactor began to contradict early cost

estimates. [18] Non-turnkey plants gradually revealed a

pattern of severe cost overruns. The actual/predicted cost

ratio for mid-sixties' orders was: $120:240/kw for 1965;

$125:240 for '66; $150:365 for '67 and 155:460 for 1968

(historical dollars) (Quirk and Hontgomery 1978, 35). The

AEC and industry's forecasting response was a series of

reactive adjustments that always lagged behind current

experience. Even plants in mid-construction suffered

significant\ esca~ation from mia-~oint cost estimates to
rate base-on line cost figures.[19]

The industry's ability to neutralize empirical

experience with promotional expectations 1969-1974

reillustrates the influence of OT status. Typical of the

official response to cost overruns were the learning curve

assurances of M. J. Whitman at the fourth Geneva Conference

on the peaceful Uses of Atomic Energy in 1971. Bupp and
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Derian indicate, II During the entire first half of the

1970's, this continued to be the conventional wisdom

It actually became the basis for a new surge of reactor

orders ••• Literature from both the united States

government and the electric utilities industry reflected

confidence that the causes of initial cost problems were

now fully understood and resolved. Unfortunately, they

were not II (Bupp and Derian 1981, 82; see also Gandara 1977,

62). [20]
OT dynamics continued to shield the technology from

negative cost experience until the mid seventies.[21] Cost

overruns for the last 35 plants ordered will be well over

200% (Komanoff 1984a, Table 1).

It is difficult to calculate an average capital cost

underestimation for the OT period, as official cost

estimates escalated annually. Average non-turnkey capi tal

costs expected at time of plant purchase 1963-1974 were

approximately $350/KW. Final on-line costs (including
,

current utility projections for 34 in progress plants) are

expected to be 1280/KW [22], representing an average

overrun of more than 250%.[23]

II Hethodological Revisions

While the promotional purpose and insular origins of

AEC-nuclear industry economic analyses were resistant to

pessimistic revision, the growth of the anti-nuclear
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movement stimulated support for an alternative realm of

discourse.[24] Alongside protest groups, the university

and state government also provided organizational contexts

for rethinking nuclear economics.[25] writing in early

1981 Bupp noted, "One might have expected documentation of

these cost increases to come from the electric

utili ties that purchase and operate nuclear power plants.

The utilities have the cost data and anecdotal experience

necessary for such analysis, and presumably they would be
ardently interested in learning industry cost trends. But

reluctant to buck what my colleague, Jean Claude Derian,

and I have called the 'extravagance of prophesy' that has

long prevailed among nuclear supporters, and wary about

offering ammunition to its critics, the nuclear industry

has produced remarkably little analysis of its economic

misf ortunes. Nor have the industry's official government

and academic sponsors produced any objective analysis of
\

nuclear costs. That task has had to be assumed by

outsiders" (Komanoff 1981, p. i).[26]
In addition to generating information, the anti-

nuclear movement established its own network of

di ssem ina tion. The movement's journals, newsletters,

clipping services, bibliographies, etc., were especially

effective in reproducing on the local level the economic

analyses developed by the groups' professional and
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volunteer staffs. Local activists and national

environmental law firms injected the information into

licensing, rate determination, and legislative hearings.

Demonstrations and teach-ins also attracted media interest

in the material. Eventually anti-nuclear groupS gained

credibility as information sources.
The impact of Charles Komanoff's work provides a

good illustration of the dynamics of "outsider" criticism.

Komanoff began his research as a New York City

Env ironm ental Protection Agency analyst. Subsequently he

directed the energy projects of the council on Economic

Priorities. In the late seventies he established his own

energy consulting firm, preparing analyses for anti-nuclear

groups (such as the Environmental Action Foundation), state

bodies (such as the Wisconsin and Kentucky Attorney General

offices), and sympathetic journals (such as the Bulletin Qf

His expertise and increased media

interest in \non-AEC-nuclear industry perspectives enabled

him to tarnish formerly unchallenged industry claims. Two

examples follow. /:

In the mid-seventies, New York City's Consolidated

Edison Company argued .that operation of its Indian point
nuclear station had saved its New York customers

$95,000,000 in 1974. Komanoff's reanalysis demonstrated

that the utility's carefully worded claim compared the cost

of owning the plant and operating it, with owning the plant
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and not operating it. Had Con Ed built and operated a

coal plant at the same site, Komanoff's figures

demonstrated that it could have saved 25% of its Indian

Point costs. [27]
In 1979 Komanoff discredited the AIF'S widely

circulated and definitively quoted 1978 study of relative

nuclear and coal generating costs.[28] By uncovering such

biases as the non-randomness of the study's sample, he

demonstrated how the Forum had transformed a nuclear cost

disadvantage into a 33% cost edge.[29] During the

seventi es, other anti-nuclear research successfully

challenged the demand forecasts justifying new nuclear

capaci ty.
The import of increasing attention to "outsider"

economic analyses was slower nuclear expansion. Friends of

the Earth staffer Jim Harding, for example, is credited by

the Investors Responsibility Research Center with shifting
\the Sacremento Municipal Utility District away from nuclear

commitments (Olson 1976, 205). In 1976, an anti-nuclear

suit led to the revocation of the Nidland plant's

construction permit on the grounds that inadequate

attention had been given to the relative economics of

conserva ti on. In 1978 an Environmental Defense Fund

intervention before the California Public Utilities

Commission spurred PG&E to investigate and subsequently
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promote conservation programs (stobaugh and Yergin 1979,

141,302) .

OT period had been replaced by a sense of uncertainty.[30]

By the late seventies the nuclear consensus of the

In 1984 the Congressional Office of Technology Assessment

gave greater credibility to Komanoff1s nuclear cost

projections than to the continuing optimism of the

Department of Energy (Office of Technology Assessment 1984,

65) •

2t Non-Plant construction ~ost Factors~
Actual and ~redicteg Values ~

The next sections detail the history of cost misestimation

in non-direct plant construction cost areas, demonstrating

the systemic rather than random character of forecasting

errors.
5-.1..1 ~aJ?acity performancellll

'I'hehistory of capaci ty performance pr ediction
Ea rly AEC and

parallels that of construction costs.
nuclear industry projections were about 1.3 times higher

than subsequent operating experience. Skeptical review was

instigated by anti-nuclear critics.
until the mid-

seventies, official opinion was able to dismiss performance
data as either a temporary feature of the "shake-down"

years of new plants, or an anomaly that would notI .

characterize the next round of reactors.
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As Con Ed President Louis Roddis indicated in 1972,

"most if not all of the economic studies that led utilities

to go nuclear were based on assumed energy deliverabili ty

of 80% or more" (Neli l.Q.£.K 1'.i.ID~.Q11/9/72).[32) The most

optimistic projections were used in cost calculations for
som e of the first commerci al sized plants, with Bodega Bay,

for example, projected to operate at a 90% rate and Oyster

Creek at an 83% rate.
Actual performance has been considerably lower.

Through mid-1980 current market sized plants (800+ MW)

averaged only 54%, while plants of 400-800 MW averaged 66%

(KOmanoff 1981, 248). As in the area of overall generating

costs, various public relations techniques have been used

by the industry to put a better face on the data.[33)
The utilities ability to pass through under-capacity

performances to customers, and the IOU's long run interest

in promoting the growth of nuclear power, blunted their

public and private concern over reliability standards.[34)
,

The task of reanalysis often defaulted to the anti-nuclear

movement. David Comey (Business and professional People

for the Public Interst) and Charles Komanoff have been

especially active in this area.[35)
Whether the nuclear industry would have been able to

maintain another decade of 80% capacity forecasts in the

absence of the anti-nuclear movement is impossible to

determine. Official estimates did begin to decline in the
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mid-seventies, coincident with both anti-nuclear criticism

and the accumulation of operating experience data. An AEC

industry study in 1974 projected a capacity figure of 75%

information pamphlet use6 a 72% figure (House, committee on

(u.s., AEC, 1974c, 20).
In 1976 an ERDA nuclear

Interior and Insular Affairs 1976, 22). A 70% estimate was

supplied to the House Government operations Committee by

industry spokesmen during the 1977 "Nuclear power Cost"

hearings. A 65% figure is used in the DOE's November '82

nuclear cost forecast and acknowledged as an optimistic

estimate.
The report notes that actual performance could

fall below 50% (U.S., DOE-EIA 11/82,45,117-118).

Komanoff's current calculations and this analysis

project 60% lifetime capacity rates.[36] This implies a

downward bias of 25%-33% during the OT years, due to the

period's average 75%-80% expectation. Since fixed costs

account for about 80% total generating costs, capacity

forecasting errors lowered expected generating costs by

mor ethan 20%.

Two factors have been responsible for the

underestimation of the interest during construction cost

multiplier (IDC),[37] the underestimation of plant

construction aurations, and the underestimation of

financing charges.

£
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42 months in 1960 to 48 in 1967, 52 in '69, and 60 in

AEC construction period projections increased from

'74.[38] All estimates fell short of the the actual 78

month average for plants completed '71-78, and estimated

94-100+ month average for plants coming on line in the mid-

eighties (Komanoff 1981, 231, 244; congressional Office of

Technology Assesment 1984, 63; U.S., DOE-EIA 11/83,

12).[39]
The main reasons for construction period

underestimation were escalating
safety standards,

especially those requiring retrofit adjustments during

construction.
Industry inexperience also encouraged

underestimation of the quality control constraints on

nuclear projects (Rolph 1979, 126-127).
As in the case

of construction cost overruns, the industry sought to

dismiss past peformance with learning curve assurances and

temporary bottleneck explanations. [40]
The reasons for underestimation of plant financing

\charges were largely unrelated to OT dynamics, as such

these errors are not included in nuclear forecasting error

calculations. Table 23 reflects what actual nuclear costs

would have been wi thout macroeconomic related interest rate

changes. A small unanticipated interest premium was

attached to some nuclear projects in the late seventies as

a market reaction to the technology's declining OT

stat us. [41] Failure to anticipate the level of post

»
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operating license retrofits (generally due to escalating

safety requirements) also resulted in an underestimation of

annual capital costs. This effect is sometimes subsumed

under fixed charge rate differentials (Komanoff 1981, 271).
Combining the impacts of underestimated construction

duration, and OT related interest rate errors yields an

IDC forecasting error of 4.5% for plants in operation by

'78 and 10.1% for plants coming on line in the mid-

eighties. The OT related underestimation of fixed charge

rates also yields a 4% underestimation of average direct

construction costs 1963-1974.[42]

~ Fuel cycl~ cost underestimation
The fuel cycle can be divided into 3 parts: the

front end, composed of uranium mining and milling,

enrichment, and fuel fabrication; the middle, comprising

reactor fuel consumption; and the back-end, involving

possible reprocessing, and waste disposal. Cost

underestimation has characterized all steps.
t

The maj or expendi tur es of the front end are

uranium ore and enrichment costs. Though significant

uncertainty has always existed about the level of uranium

reserves and their cost of extraction, most estimates until

the early seventies implied lifetime reactor costs of less
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than $12-$19.1b.[43] Beginning in 1973 uranium prices

increased noticeably, reaching $50/1b on the spot market in

'75-'76 (Komanoff 1981, 262). Early 1980s estimates for

'85-'95 were in the neighborhood of $31/1b (U.S., DOE-EIA
11/82, 56).

The failure of the nuclear industry to anticipate

the doubling of ore costs in the seventies reflects the

early character of the nuclear planning context and the

logic of OT dynamics in several ways. The promotional

character of fuel reprocessing and breeder reactor studies

led to unj ustified optimism about the processes' imminent

commercialization and ability to reduce demand pressures on

uranium ore (Bupp 1977, 311). Alongside underestimating the

cost of containing the processes' env ironm ental and heal th

hazards, early projections neglected the implications of
associated proliferation problems.[44]

OT dynamics also led to an underestimation of the

cost of containing radiation hazards in uranium mining and

milling. Regulatory escalation has, for example, required

improvement in mine ventilation systems, open pit mining
procedures, and mill tailings disposal.

The above factors driving uranium prices upwards
were reinforced by the DOE's decision to stockpile enriched

uranium in the mid-seventies, and the formation of a

uranium producers cartel. Though reference to the latter

has been used by Westinghouse as a legal justification for
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abrogating its utility supply contracts, some recent

analysis suggests that the cartel had only a minor effect

on the U.S. market (Grounds.Y!~ 9/80, 9).

Early eighties $31/1b. uranium cost projections,

imply a 100% cost increase for reactors purchasing uranium

after 1975 or a cost of 2.4/kwh.[45l Since many OT period

plants enjoyed long term uranium contracts under earlier

prices, we shall assume an average cost of $23/1b or a 1

M/kwh underestimation.

Enrichment Costs

Cost projections during the OT period also

underestimated fuel enrichment prices. As late as 1968 the

AEC assumed an erichment cost of $52 per "separative work

unit" (SWU) (U.S., AEC 1968a, pp. 1-17,5-71). By the early

eighties actual costs had risen to more than $lOO/SWU and

expected costs to si i r/swu for '85-'95 (u.s., DOE-EIA

11/83,56). Failure to anticipate price increases in the

cost of electricity (amounting to 60% of enrichment costs)

and reduced government subsidy levels, were primarily

responsible for forecasting errors (Komanoff 1981 264).

Assuming average enrichment costs of $76/SWU for OT

period reactors and a predicted cost of $52/SWU, yields an

OT cost underestimation of .7 M/kwh.[46l

Fuel Manufactur~

Fuel fabrication costs were expected to decline
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dramatically over the life of OT period plants, due to

learning curve and scale economies. In 1968 the AEC

foresaw reductions from $158/kg or 1.35 M/kwh in 1970 to

$62/kw or .52 N/kwh in 1990 (U.S., AEC 1968a, pp. 1-29, 5-

83). While costs through the early seventies appear to

have behaved as expected, current estimates foresee a

$140/kg cost in 1990 (U.S., DOE-EIA 11/82, 56; Komanoff

1981, 264-266). projecting average expected costs of 8

H/kwh yields an OT cost underestimation of .1 M/kwh (U.S.,

DOE-EIA 11/82, 56; Komanoff 1981, 266).

h.l2.1 .Mi.Q.Ql~ ..f.!J~1 .QY.Ql~ .Q.Q-s1':-S.i. .t:~.9.Q1':.Q.t: i.1!~l

.Q.Qll-S.1!IDn1':i.Qll. The chief areas for cost estimation during

this stage of the fuel cycle are the "burn" (the level of

heat produced per unit of uranium), and the "heat-rate"

(the amount of electr i ci ty pr oduced per BTU of heat).

Together they allow calculation of a "conversion ratio",

expressed in kilowatt hours per kilogram of enriched

uranium (kwh/kg).

Through the late seventies the utilities used the

vendors' design "burn" estimates in their cost projections.

Actual performance appears to have fallen 15%-25% below

predicted values (Komanoff 1978, 134-136; Lanoue 1976, 65;

Berger 1977,152). Among the reasons for this decline are

technical problems with fuel cladding leakage and poor

plant capacity performance. The latter often requires

fuel rod discharge for scheduled refueling before full



379

utilization (KOmanoff 1978, 134-136).
In the late seventies reactor "heat-rates" were

about 8% worse than predicted.[47]
As a result of disappointing burn and heat rates,

the conversion ratio of operating reactors through the

seventies appears to have averaged only 65-75% of the

expected 240,000 rate.
Assuming improved fuel

utilization over the life of 1963-1974 plants (Komanoff

1981, 266), yields a 10% average coversion rate shortfall.
The focusing of public attention on conversion

errors was often the product of anti-nuclear activist

efforts. [48]

A familiar pattern of official neglect, OT

optimism, anti-nuclear movement criticism, and cost

estimate escalation characterizes waste disposal

projections. Reflecting AEC and nuclear industry

promotional priorities, relatively little attention was
\

given to waste issues until the mid-seventies. The

congressional Office of Technology Assessment concluded in

1985, "An illusion of certainty was created

technological optimism embedded itself in the attitudes and

thoughts of important agency policy makers. It becam e, in

a sense, an official doctrine at AEC (202)."
Industry and Commission spokesmen repeatedly

A L3 SQ2W#34Z k~$Q 4 4.420;. _ kSL
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minimized the uncertainties surrounding waste disposal.

Their optimism helped induce New York state to agree to

assume perpetual care liability for W. R. Grace's West

Valley reprocessing project, should the company encounter

unexpected technical problems and withdraw from the market.

As a safeguard Grace was required to post a $3.7 million

bond for funding decontamination expenses. Recent clean-up

cost estimates have ranged as high as $1 billion (~e~ York

j'ilD~.Q 9/19/81 p. 26). Testifying in 1977, Peter Skinner of

the NY State Attorney General's Office said, " NevI York

State originally welcomed the so-called back-end of the

n uc 1 ear f ue 1 cy c1e •. • It has t a ken 1 4 yea r s f 0 r us to

realize this early optimism, urged upon us by industry and

the Federal Government ••• had no basis" (House, Government

Operations Committee 1977, 757).

In 1971 the AEC predicted waste disposal costs of

.OSH - .09H/kwh (naw s on 1976, 145).Significant efforts
,

were made to manage the information environment about

nuclear waste in order to maintain the credibility of such

claims. Berge r r epor ts, for exampl e, th at "A 1968 Gener al

Accounting Office report which found numerous defects in

the AEC waste management program was classified and kept

from the pub l i c until 1970. The earliest warning, a U.S.

Geological Survey report on groundwater at Hanford, was

kept classified until 1960 and was not published until

1973. A National Accademy of Sciences study concluding



381

that AEC waste management practices were unsafe was

supressed from 1966 to 1970, until Senator Frank Church of

Idaho compelled its release" (Berger 1977, 100).

Because the specifics of waste disposal

techniques have not been established, cost estimates have

had a very general air to them. Typic ali s the For d

Foundation's conclusion of 1977. "The exact costs of the

'back-end' of the fuel cycle are not yet clearly defined.

However, enough information exists to conclude that they

will not contribute substantially to the cost of

electricity .... we have estimated these costs at about .4

mills/kwh ('76$] •.• This estimate is probably uncertain

+/- .2 mills/kwh" (Ford Foundation 1977, 122).

Beginning with the Lyons, Kansas depository protests

in 1971, the anti-nuclear movement began to turn its

attention to the waste issue. By the end of the seventies

cost estimates more than fifteen times the AEC's 1971

projections were offered by a group of former nuclear
t

industry-government engineers (U.S., DOE-EIA 2/81, 54). In

'76 the EPA's top radiation official acknowledged that

serious attention to disposal questions had just begun.

He tied the new interest to public pressure (N~~~ ~~~~~~

Journal 7/26/76).

By 1979 the Ford Foundation had doubled its 1977

waste disposal cost estimate (Ford Foundation 1979, 419).
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The DOE increased its back-end fuel cost projections from

2.5% to 4-5% total generating costs in 1978 (Ne~ York Ti~
3/16/78). Projecting this escalation into the futur e, thi s

analysis assumes a 1.85 M/kwh waste disposal cost, implying

an OT period cost underestimation of 1.75 M/kwh. [49]
Two recent government decisions shifting waste

disposal cost uncertainties to public shoulders

reillustrate the aT framework's explanation for why cost

underestimation occurred. In ea rly 1981, the Reagan

Administration agreed to share responsiblity for the

disposal of high level radioactive waste from Three Hile

Island. In 1977 the Carter Administration proposed

government assumption of all power plant high level waste

at fees reflecting mid-seventies cost projections.

Decommissioning [50]
until the mid-seventies there was little information

available for estimating decommissioning costs.

Government spokesmen were forced to rely on AIF cost
\figures in 1977 congressional hearings due to the absence

of completed AEC cost studies. Practical experience was

virtually non-existent.
Reflective of nuclear power's aT status was the

optimistic belief that inexpensive decommissioning

techniques would be found. In addition it was assumed that

public funds would "bail-out" facilities' owners should

decommissioning expenses be significantly greater than
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expected. [51]
In an apparent effort to bolster nuclear

pow erl s initial cost competitiveness, the AEC and NRC did

not require utilities to include decommissioning costs in

rate charges or to post bond to insure future

decommissioning capability.[52]
until the mid-seventies decommissioning tasks were

judged so insignificant that acknowledged uncertainties

were ignored in economic analyses. The AIF's widely cited

1976 study served to reinforce this optimism, projecting

costs of $6.5 million for mothballing, $11.5 - $15 million

for entombment and $45.5 - $52.5 million for dismantling an

1150MW reactor (House, Government operations Committee

1977, 427). The recommended procedure, a hybred

entombment-dismantling, was predicted to cost $23.5 million

_ $27 million or about $23/KW. Based on these figures the

NRC projected a .05H/kwh decommissioning cost (House,

Government operations Committtee 1977, 391).

spokesmen Clifford Smith assured the House Government

~
Displaying an air of relaxed confidence, NRC

operations Comrl1ittee in 1977, "The decommissioning of

nuclear reactors has been relatively well developed and is

routinely considered· in the licensing process" (329).

Characteristic of an OT frame of mind, he added, "It should

be mentioned that advances in technology might improve the

economics of decommissioning" (335).
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The official optimism of the AEC-NRC and nuclear

industry strongly influenced "independent" cost analyses.

The Ford Foundation's influential 1977 report, ~~Q~Q~

EQ~ Issues and Choices, for example, gave virtually no

attention to decommissioning costs. The Massachusetts

Energy Policy Office and Arthur D Little nuclear cost

studies of the mid to late seventies merely adopted the

AIF's figur es, as did many util ities.

Once again, however, preliminary research and anti-

nuclear movement criticism have begun to push estimates

upwards. As early as August 1975, Friends of the Earth

analyst Jim Harding projected an $80/KW decommissioning

cost. In December of 1977 Peter Skinner, of the New York

State Attorney General's Office, foresaw costs 7-34 times

ERDA's estimates, based on the state's traumatic experience

with the West Valley clean up (House, Government Operations

Committee 1977, 808). In 1980 a DOE study found $125/KW

to be "representative of the most current dismantling
,

assessments" (U.S., DOE-ErA 5/80,172). The latter figure

translates into a I-3M/kwh decommissioning cost, depending

on financing mechanisms (U.S., DOE-EIA 5/80, 173).

Dr. Marvin Resnikoff's work helps to uncover the OT
dynamics behind this pattern of estimate escalation. It

demonstrates anew how the insularity and promotional

purpose of early AEC-NRC-industry decommissioning analyses

encouraged a selective misperception of uncertainty.
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Resnikoff questions, for example, the legitimacy of past

studies' linear extrapolations from test reactors to

commercial sized plants, citing a case where the scaling

exercise altered the nature of the dismantling problem.[53]

His research also found that a previously neglected

radioactive nickel product in reactor infrastructures

would require much more complex handling than officially

assumed. [54] Resnikoff comments, " there is a need

for an independent evaluation of the nuclear industry.

Because of the 'old boy' network that exists, decisions--

very costly decisions--are being made based on incomplete

information. When four undergraduate engineering students

and myself can find what tens of thousands of technicians

in industry and the federal agencies have missed concerning

decommissioning, something is not right" (House, Government

Operations Committee 1977, 261).

Further work by Pohl and Stephens, concerning trace
\

elements, revealed greater uncertainties about the likely

radioactive conditions in a 30 year old commercial reactor

than previously projected from decommissioning experience

wit h a 6 year old t est rea cto r (House, Go v ern men t

Operations Committee 1977, 231). Their findings suggest

that more expensive burial procedures than the surface

techniques recommended by the AlP study w ill be necessa ry

(247) .
"i..
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As with the remainder of the nuclear cycle,

escalating safety standards have also increased

decommissioning costs. In place of earlier decommissioning

analyses, which suggested that mothballing and entombment

be considered viable decommissioning options, ERDA's

assistant director for nuclear programs, Robert Ramsey,

noted in 1977, n The only poli tically acceptable solution

is to dismantle the reactor and go bury it" (House,

Government Operations Committee 1977,1707). A 1977 GAO

report, highly critical of previous government

decommissioning policies and studies, concluded, "If the

historical trend for radiation standards continues, then

the rules that we now use to govern decommissioning and

decontamination will likely be considered unsafe years from

now" (House, Gover nment Operations Committee 1977, 1556).

Costs would be expected to incr ease commensur ately. This

view is echoed in a 1980 DOE-EIA study (U.S., DOE-EIA 5/80,

172) •

utilizing a DOE-EIA mid-range estimate of

decommissioning cost projections (1.3/kwh) implies an OT

period underestimation of 1.25H/kwh. [55]

~ operation gnQ Maintenance Costs

As might be expected, the dynamics which escalated

costs for the rest of the nuclear fuel cycle affected

operation and maintenance (O&M)costs as well. The latter
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increased at a 12% real rate 1975-1980 (U.S., DOE-EIA

11/82, 45-46). New NRC r egul a ti ons, for instance, imposed

tighter plant security requirements and increased

maintenance activities (U.S., DOE-EIA 5/80,179). There

were also pressures for reduced worker radiation exposure

(u.s., DOE-EIA 5/80176). As 80%-90% of nuclear operating

and maintenance expenditures are independent of output

levels, nuclear's Lowe r than expected capaci ty performance

also increased per kilowatt hour O&E costs (U.S., DOE-EIA

11/82, 45). 1980's average nuclear O&I\jcosts of 4.75

M/kwh were approximately twice the figure expected in the

mid-seventies (Ford Foundation 1977, 126; U.S., AEC 1974c,

20; House, Government Operations Committee 1977, 391) and

about 5 times the constant dollar value of the AEC's 1971

estimate of .85 H/kwh (U.S., AEC 1971a, 91). Due to public

and regulatory reaction to the Tf.'iI accident, it is likely

that real O&Mprice increases will continue.

Assuming lifetime aT reactor O&l-1costs of 5N/kwh
\

implies a OT period cost underestimation of 4 H/kwh

(Komanoff 1981, 267).

As Table 23 indicates nuclear generating costs were

underestimated by an average of 24 mills per killowatt hour

1963-1974. Plant capital costs were under predicted by 15
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M/kwh, decommissioning costs by 1 M/kwh, fuel costs by 3.5

H/kwh, and operation and maintenance costs by 4 H/kwh.
Holding real interest rates constant, actual generating

costs exceeded expected costs by more than 250%.
Capital costs for plants coming on line in the mid-

eighties will exceed the optimism of the mid-sixties by

600%. Real per kwh capital cost charges will be more than

1200% than expected if interest rates are not held

constant. Under estima tion character ized all areas of the

nuclear production function and reflected the logic of OT

dynamics.
Pursuing OT status for nuclear power and oligopoly

market shares, the AEC and reactor vendors promoted

excessive nuclear cost optimism. The utilities and their

consultants accepted these estimates with minimal review.

The latter reflected many factors: (1) "active-firm" growth

strategies, (2) expected regulatory insulation from severe

penalty for potential plant cost overruns or poor
\performance, (3) deference to self-fulfilling prophecy

dynamics, (4) traditional utility reliance on vendor

technical judgement and, eventually, (5) bureaucratic

momentum and (6) an accrued interest in sector expansion.
The period's t~anslation of promotional forecasts

into planning data was facilitated by a number of

ideological and institutional variables. These factors
insulated early cost analysis from critical review,
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facilitating both internal and external deception. Among

the most important were: the cold war, the lack of public

interest groupS in the utility field, and the huge

promotional resources available to the AEC and nuclear

industry.
As in the hazard assessment area, the early nuclear

planning context generated a forecasting environment

marred by data gaps, constrained methodologies and

inattention to anomalous information. Table 24 summarizes

these factors. Especially important was the neglect of

potenti al quali ty control problems and hazard containment

cost escalation. The misuse of learning curve theory and

neglect of di seconomies of scale in capaci ty performance

also proved costly. Since many nuclear orders in the

sixties were justified on the basis of cost advantages of

less than 2 lvI/kwh (Perry 1977, 37), forecasting errors were

central to nuclear's expansion.

De'spite the accumulation of contradictory

information, the industry and AECmaintained cost optimism

through the early eighties. Upward adjustments

persistently lagged behind actual costs. As in other

areas, forecasting revision was spearheaded by nuclear

critics.
It is difficult to assign quantitative measures to

the different reasons for cost underestimation. It is
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possible however to draw order of magnitude conclusions.

Non-turnkey plants ordered in 1965 and 1966 were expected

to cost approximately $250jkw. They eventually cost $475-

500jkw.[56J Up to one-half this difference was the product

of the vendo rs' loss-leader marketing strategy. The

remainder reflects the insular environment of early cost

analyses which led to an underestimation of the nuclear
task.

Recent DOE-nuclear industry projections foresee

capital costs in the neighborhood of $1400jkw for plants

coming on line in 1995 (Congressional Office of Technology

Assessment 1984, 67; U.S., DOE-EIA 11/82, 113). The

$900jkw escalation from the actual costs of plants on-line

in the early-seventies, reflects the impact of escalating

saf ety standa rds.

Holding market interest rates at 171-'78 levels, the

utilities currently project capital costs of 1900jkw for

plants coming on line in the mid-eighties. The $500,
addend to the DOE figure reflects: the inefficiencies
imposed on current plants by retrofit response to

regulatory escalation, the non-capture of learning curve

and standardization induced scale efficiencies assumed for

future plants and, probably, a residual promotional bias in
DOE expecta tions.

All of the factors responsible for cost

misestimation, loss leader pricing, insular biases towards
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task underestimation, misestimation of regulatory

standards, and rivalry induced construction inefficiencies,

reflect the history of nuclear's OT dynamics.

The pervasiveness of misinformation during the OT

period about
nuclear hazards, nuclear costs and

alternative R&D prospects, illustrates the discourse

creating capacity of planning contexts.
By uncover ing

similar patterns of behavior in diverse technical fields,

the thesis has sought to demonstrate the impact of social

variables (i.e. planning context defining variables) on

technology assessment and technical change.

$;;41, 4$" ,~,,~¥?~$
_. - ~.~~-~_ •• «~
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TABLE 2...1

NUCLEARPLANT GENERATINGCQSTS~PREDICTIQN
ANDPERFORMANCE1963-74(1)

('79 Mills/kwh, assuming constant real interest rates)

fixed charge
interest rate
differential(5)

o

Act ual (2) Actual(3)
Costs Costs on-
1963-1974 line mid-80's

33.35 l. 54.15

20.1 38.1

1100 .~, 1904

60% 60 :.

.3% 1.0%

Overall generating
costs

Expected
Costs
1963-1974

9.40

Capital Costs(4) 4.9

$/KW 350

capaci ty rates 75%

back-end cost

'<, 1.3 . 1.30

6.95 .~ 8.25

2.40 3.00

1.80 2.50

.90 .90

220,000 240,000

1.85 1.85

5.00 6.50

Decommissioning Costs

Fuel Costs(6)

ur ani urn costs (7)

enrichment costs(8)

fuel fabrication
and conversion

conversion ratio

Operation &
Haintenance

1) Per estimating procedures described in text.
2) Actual costs for plants ordered '63-'74 based on
current estimates. Totals include projections for the 34
plants scheduled to come on line in the mid-eighties, per
Komanoff 1984a.
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TABLE23 Notes continued

3) Actual costs for plants coming on line in the rnid-
eighties based on current projections per Komanoff 1984a.

4)Capital costs assume constant real market interest rates
of 2.8% in order to avoid confounding nuclear cost
increases with non-nuclear factors. Use of historical
financing charges increases average capital costs '63-'74
to 1280 /kw. Mid-eighties' costs similarly rise to
2225/kw.

5) A .25% fixed charge rate differential has been added to
'63-'74 capital cost calculations to reflect nuclear's
experience of higher than expected interim investment
requirements. A .05% addend has also been included to
reflect minimally higher risk premiums. The latter
increases to .7% for plants coming on line in the mid-
eighties. See Chapter 8 section 6 for further discussion
of risk premiums.

6) Fuel costs include financing charge & assume no
reprocessing. As almost all pre'75 cost analyses assumed
posi tive values for nuclear waste, this assumption biases
misprediction measures downward.

7) Per kilowatt
assumes: $15/1b.
uranium, 240,000
char ge of 40%.
1963-1974 plants
enriched Uranium.

Actual uranium cost calculation
in mid-eighties assumes: $31/1b.
enriched uranium.

hour expected uranium cost calculation
uranium, 16.6 lbs. uranium/kg enriched
kwh's/kg enriched U, and fuel carrying

Actual uranium cost calculation for
assumes: $23/1b. U, and 220,000 kwh/kg

for plants due on line
U and 240,000 kwh/kg

8) Expected enrichment cost calculations assume: $52/SWU,
4 SWU/kg U, 240,000 kwh/kg enriched uranium and a fuel
carrying charge of 30%.

Actual enrichment cost calculations for 1963-1974
plants assumes: $76/SWU and 220,000 kwh/kg U.

Actual enrichment cost calculation for plants due on
line in mid-eighties assumes: $lll/SWU, 4.2 SwU/kg U, and
240 ,0 00 kwh/ kg U.

~"b5 ~ss
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A SOCIOLOGY OF NUCLEAR COST INFORMATION

.Q1' Year.s

DATA Lack of significant empirical
data re: plant construction
costs, capaci ty and fuel
performance
Absence of true turnkey costs
Inattention toback-endcosts

IvlETHODOLOGY
Static engineering-based
cost models

Use of Mature technology
learning curve parameters
Ina ttention to capaci ty &
conversion rate factors

Neglect back-end costs

Assumption of breeder-
reprocessing backstop
for uranium costs

t

SOCIAL lllEANING
popular acceptance of nuclear
industry-AEC promotional cost
estimates

Closure of JCAE-AEC forums to
pessimisticeconomic testimony

Expected utility insulation
from cost-overrun, poor
performance penalties

protest Years

Accumulation of
cost over run &
poor performance
data i ;

Protest movement
induced attention
towa st e iss ues

Dynamic forecasting
with regulatory
escalation
Negative learning
coefficients

Attention to capaci ty
& conversion rate
factors
Inclusionback-end
costs
Suspension ofback-
stop assumption

Anti-nuclear
pressure for atten-
tion to empi rical
cost experience
Increased attention
tonuclearcost

skeptics
Increasing regulatory
penal ty for poor
nuclear performance



C HAP T E R VII

1. See Chapter 3 sections 3.2 and 3.3.

2. See Chapter 3, sections 3.41-3.42 and 4.2-4.3.

3. For example, Bupp and Derian write, "Beginning in 1957,
the Joint Committee on Atomic Energy held annual public
hearings on the 'development, growth and state of the
atomic energy industry'. The voluminous record of these
hearings is an impressive monument to the mutually
reinforcing government industry capacity for self-
deception" (Bupp and Derian 1981, 227). Elsewhere they
add, "In all the official, quasi-official, and private
studies, reviews, symposia, conferences, hearings and
reports on the economics of light water reactors between
1965 and 1975, only Sporn expressed any sustained
skepti ci sm" (81).

4. Kuhn (1966) celebrates the "practicality" of industry
planners in contrast to the aesthetic curiousity of
academic scientists. His depiction, however, also
describes men who were unlikely to challenge the
conventional wisdom. Describing the vendors' staffs, he
writes, "They were company men, trained to respect costs
and schedules. Research was subordinated to practical
engineering and the short run view of the project
superseded any long run development perspective ••• (the
men) were used to business discipline and willing to submit
to it. Those who did not measure up moved to other
positions in the company or to other organizations" (89).
Of the utilities he writes, "[Management] wanted men who
intimately knew company standards and procedures ••• They
were old enough to be familiar with the utility business
and to accept its values and outlook ••• In every company
the engineers chosen for training were looked upon as the
most likely candidates for future managerial positions"
(Kuhn 1966,149).

Summarizing his observations, Kuhn highlights the
importance of frames of reference in technology assessment,
"The policy followed in making the initial selection of
personnel to work in a technological area can be cri tical.
The men called upon as advisors or used as managers and
employees can determine the pace and direction of an
organization's attack upon, and use of, a technology,
fixing the perspective in which it is seen ••• A developing
technology appears to be in part an artifact of the men

395
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used by a company to work in it, not simply an objective
body of knowledge ••• Business managers and government
officials might wisely recognize that in employing men,
they obtain expertness and skill which are, however,
accompanied by values and outlook not readily visible ••••"
(98). Unbeknownst to Kuhn, the nuclear industry's
absorption of the promotional attitude of the AEC and
vendors was to plague its economic analyses for the next
two decades. (See Chapter 3 section 3.41.)

5. For example, besides ignoring the problems posed by the
accumulation of a greater volume of radioactive materials,
scaling optimism neglected the extra piping, valve, and
welding burdens that nuclear's low temperature-low
pressure-high quantity steam implied for larger reactors
(Hellman and Hellman 1983, 11-17; Perry 1977, 34).

6. For example, Komanof f' s (1981) regr essions suggest that
learning reduced plant construction costs by an estimated
13% 1971-1978 (200). The redress of unanticipated
technical problems, however, incr eased costs by 155% (22).
using cumulative years of sector operating experience as a
proxy for "learning by doing" (which should reduce costs)
and de facto safety R&D (which could increase coststhrough
discovery of neglected hazard routes), Komanoff created a
dynamic learning variable. It had a negative sign and
proved statistically significant at the 93% level (206-
207) •

Mooz (1979) also found modest evidence of construction
cost learning (p. v). Hellman and Hellman found minimal
capacity rate improvement over time, though they do not
appear to have controlled for changing regulatory
conditions (Hellman and Hellman Chapter 4).

7. Widespread\ press accounts celebrated the atom's civilian
potential, and by the late forties it was popularly
thought that private enterprise could develop competi tive
nuclear power within a few years (Mullenbach 1963). The
main impediment to cheap nuclear energy appeared to be
government constraints on private access to nuclear
information (Dawson 1976, 231). Economists often
incorporated official optimism in planning models. A
1947 article in Econometrica, for example, foresaw nuclear
costs of about 1 cent/kwh ('79$) in the sixties (Isard and
Whitney 1952, 30).

8. Similarly subdued conclusions, however, were reached by
the first private studies with access to classified data,
the Industrial participation studies of the early fifties.
Only dual purpose reactors, with significant revenues from

La : 12£$.;
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both electricity and weapons grade plutonium sales, were
predicted to be economically competitive in the near term.
Despite the AEC's rejection of such joint product
scenarios, and the report's identification of serious
obstacles in the way of single purpose reactor
profitability, the studies were taken as further
endorsements for rapid commercialization (Mullenbach 1963,
55) •
9. Recall Mullenbach's claim that the speech was written
without technical input from the Commission, and exceeded
even the AEC's optimism (Hullenbach 1963, 270-71, 16).

10. In 1956 the staff of the McKinney panel projected 1980
generating costs ranging from 1.3-1.6 cents/kwh (Mullenbach
1963, 59). In 1958 the National Planning Association's
.N1!.Qilg~ Jill&~.9Yand .u.....s...... .£.!.J.&.l ECQ.nQIDY study cited a rough
consensus among scientists around long run costs of 1-
1.2cents/kwh (p. 50). The latter figure was approximately
50% of the projected costs for the 3 private reactors then
under construction.
11. Commenting on the specious precision suggested by such
comparisons, Harold Orlans reported in a Brookings
Institution study, "Some of the assumptions upon which
these calculations are based are so gross, the decimal
places are a 'joke in the fraternity', one reader observes"
(Orlans1967,47).
12. The report concluded, "Nuclear power is on the
threshold of economic competitiveness and can soon be made
competitive in areas consuming a significant fraction of
the nation's electrical energy; relatively modest
assistance by the AEC will assure the crossing of that
threshold and bring about widespread acceptance by the
utility in'dustry" (u.S., AEC 1962,34).

The Commission predicted capital costs of $289/kw and
generating costs of .9 cents/kwh for plants coming on line
in 1980 (U.S., JCAE 1968, 226-227). Existing fossil fuel
costs were in the neighborhood of 1-1.5cents/kwh and
falling. <;.

13. Capital costs of $222/kw were anticipated, but not
guaranteed in the contract (U.S., JCAE 1968,45; Bupp and
Derian 1981, 43). Capital costs for all 13 turnkeys
averaged $250-275/kw, roughly one half the vendors' costs
(Perry 1977, 35, 37).
14) The AEC (1966) reported, "1966 will be remembered as
the year in which the atom became economically competitive
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This was demonstrated most forcefully with the
announcement of the selection of nuclear power by the
Tennessee Valley Authority for a plant in the Southeastern
Uni ted Sta tes which is near a loca tion of maj or coal
fields. "

Julian Gumperz reported in Financial Analysts Journal
"Events during the early weeks of 1966 confirm ••• that
nuclear power generation is now competitive ••• It seems
appropriate therefore to regard the establishment and
expansion of nuclear energy ••• as assured" (3-4/66). Oak
Ridge director Alvin Weinberg opined, " Nuclear reactors
now appear to be the cheapest of all sources of energy •••
It is this nuclear energy revolution, based upon the
permanent and ubiquitous availability of cheap nuclear
power, about which we shall speculate •••" (U.S., JCAE 1968,
5). Electrical World's editorial foresaw generating costs
of less than .9 cents/kwh and added, "competi tion has
spurred a revolution in energy economics. In doing so, it
has completely vindicated the atomic expert who in 1954
predicted economic nuclear power within a decade" (5/2/66
p. 29).

15. Two other commonly cited studies of this period, Little
(1968) and an Ebasco Services report in 1969 echoed similar
conclusions. The Little study foresaw mid-seventies
generating costs in the range of 11 M/kwh (p. 12), while
Ebasco Services predicted capital costs in the area of
$300/kw (House, Committee on Interior and Insular Affairs
1979, 226).

16. One of the most optimistic learning forecasts was
offered in August '68 by James Lane. At an AEC co-sponsored
symposium, the Oak Ridge scientist foresaw scale and
learning curve efficiencies reducing nuclear capital costs
to $92j!k\v by 2010. (Lane, "Rationale for Low Cost Nuclear
Heat and Electricity", "Abundant Nuclear Energy" Symposium
8/26-29/68 Gatl inburg Tennessee.)

17. The AEC report declared " It is anticipated that
reductions in cost will occur in the future for nuclear
plants, due to the following reason: construction
experience should minimize delays that have been
experienced in the past, operating experience should
provide additional assurance of the safety of operation,
and manufacturing experience and expanded capacity of
suppliers should relieve their tremendous backlog of work"
(U.S., AEC, 1969b, 130).

18 • The fir s t two mod ern s i zed pLa nt s (40 0+ r-nn,
Connecticutt Yankee and San Onofre, were completed in 1967
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at announced costs of roughly $340/kw and $475/kw
respectively, reputedly in line with official learning
curve expectations. There is now speculation, however,
that actual costs were significantly higher than reported
costs due to the turkey terms employed. Quirk and
Montgomery (1978), for example, note that the AEC's 1974
cost study (U.S., AEC 1974b) implied costs 62% higher for
Connecticut Yankee and 35% higher for San Onof re, (though
the estimating model does not appear too reliable) (p 15).

19. Projected costs for plants ordered '68-'70, for
example, increased nearly 50% in real terms from '72-'76
(Quirk and Nontgomery 1978, 24).

20. The AEC and vendors' promotional optimism was echoed in
numerous planning and policy studies. For example, a
European Commission reported in 1972, " For power plants
ordered during the first half decade of the 1970's, there
is every reason to expect that at constant dollar values,
there will be a stabilization of prices at the 1969 to 1970
level. During the end of the decade prices should take a
downward turn. There is no doubt that the above mentioned
factors causing the high increases in capital cost in
recent years will gradually be brought under control and
that numerous uncertainties will cease to exist" (Bupp and
Derian 1981,89). While past errors of optimism were
acknowledged in AEC-industry cost analyses, new claims of
competitiveness and cost stabilization were made. A 1974
World Bank paper assured planners, "Current cost estimates
are thus likely to be more reliable than was the case in
the past, a view supported by contracts presently being
executed (House, Committee on Government Operations 1977,
173 8) • The For d F0un da t ion's (1 97 7) i nflu e nt i a 1 .NJJ.Qlea-r
.l:Qli~-r l.~JJ~'§ £W~ ,CnQiceJ2 study concluded, " Despi te this
disconcerting record [i.e., past mispredictions], there
seems to be convergence on estimates of future capital
costs and some reason for optimism that cost escalation and
uncertaint~ can be alleviated" (Ill). Based on projections
by 6 utilities, 3 nuclear engineering firms, and aspects of
AEC material, the study predicted a stabilization of
capital costs in the neighborhood of $807/kw.

21. Such was the case in 1975, for example, when the ~li
XQ-r.K ~iID~12 r epor ted a bela ted ac know 1edgement by the
president of the Atomic Industrial Forum that "overly
optimistic expectations about the potential of nuclear
power were created during the 1950's by the unrealistic
claims of various competing reactor manufacturers" (.N~li
~ TiID§.§ 11/16/75 p. 1). Such was the case in 1979, when
6 months after the Three Bile Island accident, and amidst
mounting pressures for regulatory upgrading, Westinghouse
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assured skeptics that nuclear power was achieving
"regualtory maturity" (.Eil.Q.t.Li.Q~l XlQ.r.lQ12/1/79, pp.20-
21) •
22. Cost expectations tally $llOO/kw if '71-'78 real
interest rates are used in place of experienced financing
charges, as the latter were increasing in the late
seventies and eighties.

23. Average expected capital costs based on projections
listed in Table 22 and purchase years per Komanoff 1981
294-297, Komanoff 1984a Table 1, and AEC 1974c Table l-l.
Actual costs for reactors on line through '82 based on
utility mixed current dollar reported costs (Komanoff 1981,
294-297). Post 1982 plant costs based on Komanoff constant
dollar calculations. Costs include real IDC (Komanoff
1984a Table 1).
24. Among the key "movement" groupS generating alternative
economic information were: Komanoff Energy Associates, (see
RQlier ~~nt kQ~.t .E~.Q~~.tiQll); Business and professional
pe 0 p1e for the Pub 1 i c In t ere s t , (see Dav i d Comey' s "\v ill
Idle Capacity Kill Nuclear power?"); the Environmental
Action Foundation, (see Richard Morgan's ~~.Q~~.r ~Q~~.I.i
Th~ Barg~in Xl~ .Q~n't h1tQ.rg and the group's periodical
~Q~~.r Lin~); the Environmental Defense Fund (see W. R. Z.
Wiley's "Alternative Energy Systems for Pacific Gas and
Electric company-An Economic Analysis"); Friends of the
Earth, (see Jim Harding's "The Def lation of Rancho Seco 2",
John Berger's ~~.Qlea.r RQ~~.r .th~ nnvi~hl~ Q~.tiQn, Amory
Lovins' .sQll.E~Y Pa.tb.s., and the groupS journal No.t l1~n
h~~.r.t); various Ralph Nader affiliated projects such as
Critical Bass & The Center for the study of Responsive Law,
(see Nader and Abbotts' ~h~ l1~n~.Q~ Qt h.tQIDic .En~.rgY, Ron
Lanoue's Nuclear Plants: ~ Mor~ ~ Build: The ~ You
.£9.Y, and the journal ~ritical 11~); various Barry Commoner
affiliated projects, such as the Scientists Institute for
Publ i c Inf orma tion and the Center f or the Biology of
Natural Systems, (see Richard Scott's "Proj ections for the
cost of Generating Electricity in Nuclear and Coal Fired
Plants", and various issues of .EnY1.rQllID.!m.t); the Nuclear
Information Resource Service, (see the groupS newsletter
IIGroundswell"); the Investor's Responsibility Research
Center, (see "The Nuclear Alterna tive"); Environmentalists
for Full-Employment, (see Grossm an and Daneker' s IIJobs and
Energy"); and the Union of concerned Scientists, (see
Daniel Ford's IINuclear power Some Basic Economic Issues

ll

).

More traditional social action groupS like the
American Friends Service Committee and the council on
Economic priorities also made important contributions.

_ . ...-..----
~ & '" .Jk ; _._ ~? ~Z:04:,-)!!!...-Q~£ - ;, _"J----£if!k¥ et%i -s ,.JU;S::- -~--_._-
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Komanoff, for example, pub l d sh e d his original nuclear
capaci ty performance study while at the Council.

The anti-nuclear movement's local organizations also
produced some excellent economic analyses. The Clamshell
Alliance put together ~~ ~~k~~. The New York Public
Interest Research Group released an important study of
nuclear plant decommissioning costs. Lengthy critiques of
the economic assumptions underlying numerous specific
plants were compiled by local activists. (See for example
Dr. Harold Cassidy's analysis of the economics of the
Marble Hill Plant prepared for the Save the Valley
organization; Russel Love's analysis of the economics of
the Palo Verde plant, prepared for Arizonians for Safe
Energy, and Hiles Hales & Marvin Cooke's analysis of the
economics of the Black Fox Plant, distributed by the
Environmental Action Foundation.

25. Important contributions were made by university
professors such as Irvin Bupp of Harvard (see "The
Economics of Nuclear Power"), and Duane Chapman of Cornell
(see "Decommissioning, Taxation, and Nuclear Power Cost").
State agencies frequently provided independent review of
utility generating choice analysis and funding for anti-
nuclear research. New Jersey's Department of Public
Advocate funded a Komanoff study of comparative nuclear and
coal generating costs. California's Energy Resources
Conservation and Devlopment Commission funded Jim Harding's
critical review of the economics of the Sun Desert nuclear
plant. The California Energy Commission funded a Chapman
decommissioning cost study. New York State's Attorney
General's Office, Bureau of Environmental Protection,
challenged the optimistic waste disposal and
decommissioning cost estimates of the AEC.

26. Tliough suprisingly few critical reviews originated in
the commercial sector, there were some notable exceptions,
such as Saunders Miller's 1976 book j'.h~ ECQ.n.QIDi..Q~Q.I.
Nuclear and ~ R.QN...e.r.

27. In response to Komanoff's charge, the utility noted
that the statement mailed to ratepayers along with their
bills, ("Operation of Con Ed's nuclear plant in 1974 saved
our customer's $95,000,000 they would have otherwise paid
for an equivalent amount of oil") was technically correct.
No oil had been purchased (Ne~ XQ£k TiID~ 5/11/75 IV-4).

An almost identical ploy on the part of Commonwealth
Edison, the nation's most nuclear oriented utility, was
successfully challenged by anti-nuclear critic David Corney
in the February '75 issue of the ~~11~1i.nQI h1QIDi..Q
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~~ieD~i~~~. In this case the utility had claimed a $100
million rate payer savings by citing the relative fuel
costs of nuclear and coal fired plants. Corney forced the
company to acknowledge that including relative capital
costs in the calculations eliminated nuclear's alleged
savings (Nader and Abbotts 1979, 216).

28. Among the figures' pUblic appearances were citations in
the N~.N YQ.I..K ~.iID~.s.: 4/8/79 and 12/30/79; the N£!l.l. ~~re~~
Journal 4/24/79 and Science 5/11/79 and 2/15/80 (Komanoff
1981,12-13).

29. The AIF study reported costs of 15 r-1jkwh for nuclear
fired plants and 23 M/kwh for coal plants. It did not
indicate however that the 20 nuclear plants omitted from
the sample had 66% higher costs than the 38 plants
included. The neglected reactors also had outage rates 24%
above the sample's figures. The nation's cheapest coal
plants were absent from the coal fired sample. All told,
when the AIF'S figures were corrected for methodological
errors (including minimal adjustment for highly unrealistic
waste disposal and decommissioning costs), nuclear power
costs averaged 9% higher rather than 34% lower than coal
fired plants. Recent reanalyses of older AIF cost surveys
by Komanoff and the Environmental Action Foundation reveal
similar biases (EQli§.I. Line 7/81).

30. In 1978, for example, the Public Service Commission of
Wisconsin concluded, "there is a wide range of views
concerning the relative economics of nuclear and coal fired
generation." The New York Public Service Commission
reported, II There is no credible bottom line comparison of
the total generating costs of nuclear and fossil facilities
which can be extracted from this (hearing) record"
(Stobaugh apd Yergin 1979,124). What had shifted was the
realm of discourse. The nuclear industry and ERDA
contin ued to exude cost optimi sm. The soci al meaning of
their claims however was diluted by the informational
activities of the anti-nuclear movement.

31. Capacity statistics represent a performance index.
They measure the total generating output of a plant as a
percentage of the output that would accrue if it operated
at full design power 100% of the time. Since plants
require periodic refueling and scheduled maintenance,
actual and expected capaci ty figures are always less than
unity. The economics of nuclear power are very sensitive
to capacity variations, as about 80% of nuclear generating
costs are non-variable costs. A fall in capacity
performance from 80 to 60 percent produces a 20/60 x .8 or
approximately 25% increase in generating costs. This is a

! £
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conservative estimate as it does not include the increased
reserve requirements imposed on the utility system as a
whole by lower performance rates.
32. See for example: U.S., AEC: 1960, 134; AEC, 1968a, I-
29. Most nuclear cost-benefit studies and Environmental
Impact Statements also assumed an 80% figure (Quirk and
Montgomery 1978, 52; E~~ XQSk ~lID~~ : 11/19/72 p. 73,
3/9/75 p. 4; ~ Street Journal 5/3/73, 2).
33. Though these campaigns may not influence the utilities,
they do help legitimize utility nuclear decisions in the
eyes of the public. One misleading practice noted by the
Ford Foundation's ~~ue~ ~n~ ~hQ1g~~ volume has been to
lump together the higher performance history of smaller
reactors with the lower rates of current market sized
(800+MW) plants. (153 of the 161 plants ordered from 1968
to the spring of 1974 were 800 HW or larger.) Carrying
this dubious averaging one step further has been
westinghouse's practice of weighing all plants equally
regardless of their megawatt design rating, and the AIF's
habit of weighing plants by the amount of electricity they
produce. The latter procedure minimizes the impact of
poorly producing units and deletes plants like Three Mile
Island from the sample.

The industry has also sought to increase performance
rates by revising "capacityll definitions. An alternative
measure called "maximum dependable capacity" has been used
to reduce the denominator in capaci ty calculations from a
plant's rate based determined design rating. The new
denominator equals the design rating minus the percentage
of time reactors are idled by regulatory or mechanical
difficulties generic to nuclear plants. Another
redefinition has been employed to increase the numerator in
capacity calculations. The availability factor equals the
percentage of time a plant operated at any percentage of
its design rating. Since nuclear plants are frequently
forced by regulatory edict and mechanical failure to
operate at reduced power levels, this index can be very
misleading.

The total impact of the adjustments can be
significant. using the original definition of capacity
rates (total HW's generated/total design rating) Komanoff
calculated a 1975 performance average of 53% for market
sized plants (Komanoff 1981, 250). westinghouse reported a
62.8% rate and the AIF a 64.4% rate for the same year (FOrd
Foundation 1977, 119). While Komanoff calculated a 51%
capacity rate for all 14 GE boiling water reactors (BWR) in
1975, the company boasted in the 9/15/76 issue of

u.: z£.
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Electrical 1Y~," BWR plants continue to perform well (in
'75 the best achieved 91% availability; the top 6
performer s averaged 87% availability)" (Komanoff 1976, 12).

One caveat has to be offered in defense of the
official optimism. This concerns the downward bias that
reactors' poor performance in the first 3-4 years of
operation may impart to existing operating experience data.
There are not enough observations for older commercial
sized plants to determine if a significant improvement
occurs. There is also concern, however, that long term
ageing could cause greater than expected problems in later
years.
34. In 1974, for example, Con Ed vice Chairman Louis Roddis
charged that some utility executives "did not want to
criticize the nuclear industry, because they were depending
on it heavily as a future power source" (Ne~ XQll Ti.m~.s.
2/3/74 p. 37) A 1975 review of industry behavior by
Barber Associates for ERDA concluded, "We noted a distinct
tendency in the nuclear energy industry to underestimate
nuclear power costs by simply omitting some costs, or
negl ecti ng th e potenti al effect s on co sts of pr acti calor
operational experience such as significantly lower capacity
factors than theoretical projections would suggest" (NeYl
Yor.k Times 11/16/75 p. 1).
35. Com ey was the fir st to f0cus pub 1 icat ten tion 0nth e
issue through a paper given at a September '74 public
meeting of the Federal Energy Administration, a series of
art i c 1 e sin the ~J.!11~.t1n Qi b.tQ .m1g .s.Q1~n.t.iJ2.tJ2
(11/74,2/75,10/75), and various media activities of his
organization. His work was based on a government study. In
1976 Komanoff's PoYl~ ElQll.tE~~lQ~IDgng~ analysis was
pUblished with updates released in subsequent years. The
material r~ceived widespread attention and promotion by the
anti-nuclear movement.
36. Early '80's industry projections foresaw a 70% capacity
rate (Komanoff 1981, 247). The same methodological
differences that distinguished AEc-industry capital cost
projections from nuclear critics' expectations distinguish
capacity performance forecasts. The nuclear industry
foresees learning curve based reliability improvements and
regulatory reform in the direction of fewer NRC safety
related shutdowns. Komanoff foresees political pressures
for higher operating standards. The latter would likely
require increased periods of downtime for safety retrofits
and fewer deferments of safety checks until scheduled
maintenance. Komanoff also aruges that increased operating
experience will continue to uncover unanticipated safetry
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problems. He points, for example, to recent reactor
problems with cracked feed-water piping welds and cracks in
the piping system itself, the late discovery of technical
errors in seismic stress calculations, and the largely
unknown effects of reactor ageing on plant performance.

37. These costs refer to the interest charges that
accumulate during plant construction. Because a utility
generally can not charge customers for construction costs
until a plant comes on line and is included in the rate
base, financing costs during construction are treated as
part of plant capital costs. They are also called "AFDC"
costs - "Allowance for Funds Used During Construction"
Costs.

38. The 1960 construction duration estimate is from AEC
(1960). Six months has been added to the study's actual
projection of 36 months to cover the period from
construction completion to commercial operation in order to
standardize period lenghts. Sources for other duration
estimates are as follows: 1967-AEC 1968a, 1969-AEC 1970a,
1974-AEC 1974b. Current DOE estimates project a 94 month
period (U.S., DOE-EIA 11/83, p. 11-12).

39. 1985 data suggests that construction duration for mid-
eighties plants will be significantly longer than the 94-
100 month estimate prevalent in the early eighties.

40. In 1970, for example, the President of Westinghouse
Power Systems asserted, "much of the delay being
experienced by some utilities is simply the result of the
large influx of orders experienced 1966-1967. Once this is
behind us, plants should consistently corne on line with a
five year lead time from order to operation" (Quirk and
Nont qome r v 1978,32). Current DOEforecasts project a 10
year hor dz on (U.S. DOE-EIA, 11/83 12).

41. For a discussion of the increasing risk premiums
attached to nuclear credit offerings see Chapter 8 section6.

42. See Komanoff 1981 p. 272 for the formula used to
calculate the IOU's fixed charge rates. Estimated
increases in nuclear utilities' cost of capital and
interim investment requirements from 2.8% to 3.1% to 3.8%,
increased the fixed charge rate from 9.23 to 9.61 to
10.53%.

----------- --~----
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The Comtois formula for determining real IDC is:

N
IDC= l-(l+r) / N Ln(l/ [l+r]) - 1 (Komanoff 1981 244)

Calculating the IDC multiplier under the AEC assumption of
a 50 month construction period, using a 2.8% interest rate
(the utilities' real cost of capital 1955-1977) yields an
expected 6% IDC multiplier. Substituting a 3.1% interest
rate to reflect OT related fixed charge rate errors and a
77.7 month construction period, to reflect actual
experience 1971-1978, results in an 10.6% IDC multiplier or
net error of about 4.5%. For plants coming on line in the
mid-eighties, with expected construction durations of 94
months and 3.8% base capital charge rates, the OT related
IDC error is 10.1%. Actual IDC for mid-eighties plants is
expected to be about 30-40% due to higher real interest
rates. The extra 15%-25% cost underestimation is unrelated
to OT dynamics and not included in the OT differential.

43. Most projections were framed in 1-10 year time horizons
so it is often difficult to infer lifetime predictions from
them. In the late '60's GE projected long term uranium
prices of less than $lO/lb (Berger 1977,116). By 1975
westinghouse had committed itself to supply 81,000,000
pounds of uranium at $8-$10/lb (historical $), though it
owned only 15,000 pounds. It's guarantees reflected the
period's rivalry dynamics (Taylor 1979, 200). When the
spot price of uranium exceeded $40 in the late seventies,
westinghouse reneged on its contracts, incuring multi-
billion dollar law suits (Berger 1977, 116). Sommers
(1978) indicates that the utilities expected uranium
availabili ty at about $17/1b in the mid-sixties. In 1968,
the AEC\projected uranium costs of $16/1b through 1980,
rising to $28/1b by the turn of the century (AEC 1968a, 1-
17,5-69).
44. The extent of forecasting errors for breeder capital
costs and fuel reprocessing surpasses even the turnkey
miscalculations. In the late '60's Clinch River breeder
capital costs were projected to be less than $400/kw. By
1972 projected costs had reached $3000/kw (Ford Foundation
1977, 342) and by 1974 they exceeded $4,500/kw (Miller
1976, 93).

Estimated reprocessing costs follow a similar pattern,
growing from $55/kg in the early seventies (u.S., AEC
1973b, 15), to a 1976 estimate of $186/kg (Ford Foundation
1977, 321-325), to current DOE projections of $550/kg
(U.S., DOE-EIA 11/82,57-58).
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It was expected that reprocessing would reduce uranium
demand by 20-40%. Breeder devloprnent would have a much
larger long term impact.

45. Per kilowatt hour uranium cost expectation calculations
assume: initial expectation of $15/1b. U, 16.6 pounds
purchased uranium per enriched kilogram of fuel, 240,000
kwh's expected per kg. U, and fuel carrying charge
mul tipl ier of 1.4. Cost error calcula tions assum e: $31/lb.
U or $23/1b. U as stated in the text, and 220,000 kwh's/kg
U.

46. Per kilowatt hour enrichment calculations assume an
average of 4 SWU/kg U (3.8 SWU/kg U through the mid-
eighties and 4.2 SWU/kg U thereafter), 240,000 kwh/kg U
expected and 220,000 kwh/kg U actual, and a fuel carrying
charge mul tLp.laer of 1.3 (Komanoff 1981, 266).

47. From 1975-1984 heat rates averaged 10,950 BTU/kwh
(U.S., DOE-EIA 1984b, 236). The AEC predicted rates of
10,200 in the early seventies (1972c, 1974a).

48. See for example: the testimony of Friends of the Earth
staffer Jim Harding before the Board of Directors of the
Sacremento Municipal Utility District, the testimony of
Charles Komanoff before the New Jersey Board of Public
Utilites, and Hales and Cooke's critique of the economics
of the Black Fox nuclear plant. Also important was the
work of Horgan Huntington of the Department of Interior's
Nining Enforcement and Safety Admi nistra tion (Berger 1977,
119). The latter was given "social meaning" by its
injection into utility nuclear hearings by the anti-nuclear
movement.

49. This figure underestimates back-end forecasting errors,
as most projections assumed positive credits for fuel
reprocessing.

50. Decommissioning refers to the process of neutralizing
the radiation hazards of retired nuclear facilities. Three
alternative procedures have been suggested: mothballing,
entombment, and dismantling. Mothballing involves the
removal of all unused fuel and waste material from the core
and minimal protective measures to restrict ~ccess to the
site. Through the mid~seventies, 10 reactors had been
mothball ed, En t.ornb'ment entail s enca sing the press ure
vessel and reactor internals in concrete in addition to
mothballing. Three small government reactors have been
entombed. Dismantling involves the actual piece by piece
removal of the reactor for burial at another site. Two
small reactors have been dismantled. Because the largest
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one was less than 2.5% the size of current commercial
reactors and had accumulated only 6 years of decay
products, its dismantling provides only limited help in
forecasting commercial costs.

51. Illustratively, a 6/16/77 GAOreport on Decommissioning
concluded, " The Commission has done relatively little to
plan for and to provide guidance for decommissioning of
commercial nuclear facilities. Studies sponsored by the
Commission on acceptable alternative methods to
decommission are several years from completion. It does
not r eq uire owne r s 0 f nuc1ear f a c I Li.tie s - ex c e p t ur an i urn
mills- to develop plans or make financial provisions to
cover the cost for future decommissioning. Consequently,
the true cost of nuclear power is not being reflected in
the cost to the consumer of nuclear power. Without this
financial provision, the Federal or State Governments can
be asked to pay for problems that rightfully should be paid
by private industry.

Sit ua t ion s wher e th ish ash appe ned, 0 r may, hav e
already arisen. For example, the Federal Government w i.Ll
pay about $85 million to clean up residues from inoperative
uranium mills that were privately owned. Also, as much as
$600 million may be needed to decommission a privately
owned nuclear fuel reprocessing plant at West Valley, New
York. The State Government. •• has asked the Federal
Government for assistance. [Note: current estimates suggest
final clean up costs may approach $1 billion • .N~.Yl XQ.£k
Times '9/19/81 p. 26] In a case at Cl inton, Tennessee, the
Federal and State Governments shared the cost--
approximately $110,000-- to decontaminate a facili ty tha t
the owners walked away from in 1971" (House, Government
Opera tions Committee 1977, 1529).

52. In many cases where state regulations include
decommissioning charges in rate calculations, the funds are
not isolated from other utility revenues. They have been
often viewed as a funding source for utilities facing
construction financing problems (U.S., DOE-EIA 5/80, 174).

53. As of 1977, for example, no cutting tools existed for
slicing commercial sized reactor walls under water, as must
be done to shield workmen from high radioactivi ty (House,
Government Operations Committee 1977, 301).

54. A 1980 DOE-EIA study has similarly criticized past
industry nickel decay assumptions (U.S., DOE-EIA 5/80,
110) •
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55. Given the historical pattern of serial cost
estimation, this is probably a very conservative estimate.
It also ignores the financial impact of underestimating the
cost of decommissioning nuclear fuel cycle facilities, such
as fuel fabrication and conversion plants.

56. The $475 figure differs from the $366 average cited in
Chapter 6 because the earlier calculation included only
plants in operation by 1972. The more expensive plants
came on-line later.



C HAP T E R VIII

THE MICROECONOMIC IMPACT OF NUCLEAR POWER'S PROMOTIONAL
ASSISTANCE AND CAPTURE OF OT STATUS[l]

11 ~oduction*

Chapters 4-7 analyzed the mechanisms by which

nuclear power achieved OT status. The key levers were the

skewing of R&D efforts, public subsidy, and regulatory

incentives in nuclear's favor, and the promotion of

misleadingly optimistic cost expectations. This chapter

examines the benefits accrued nuclear power from the

capture of OT status and the related enjoyment of
increased: economies of scale, learning curve
efficiencies, systemwide efficiencies, privileged access to

capital markets, and bureaucratic momentum. The final

sections examine the combined advantages nuclear gained
from promotional assistance and OT captur~

21 Scale and Learning Curve Efficiencies

From the beginning of atomic development the capture

of scale and learning curve cost reductions was a central

part of nuclear development strategy.[2] Learning curve

theory typically projects 10-20% cost declines per doubling

in cumulative output (Stewart 1981, 192). [3J Nuclear

planning assumed similar gains (Tybout 1957; U.S., AEC

1968a, pp. 1-33, 3-2; Little 1968; Bupp 1974, 1755).[4]

-----------------------------------------------------------
* All dollars are '79$ unless otherwise specified.

410
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In the early seventies the capture of OT status was
expected to reduce generating costs by 50%, 1965-2000, due

to learning curve efficiencies. Treating the first 16

commercial plants as de facto R&D projects, about six

sector doublings were required to reach the 1000 plants

expected in operation by the year 2000. Assuming a 90%

learning curve implies expected growth induced cost
reductions of 47%.

Actual scale and learning curve efficiency gains

have been much less than anticipated. The contraction of

projected nuclear sector size to only 125 plants in the

year 2000 reduced expected learning curve gains to about

27%. Escalating regulatory standards inhibited capture of

that reduction by repeatedly changing plant designs (U.S.,
Congressional Office of Technology Assessment 1981).

Despite these difficulties a number of analyses

have found evidence of significant learning. Bodde (1976)

indicates that the nuclear steam supply vendors were able

to deflect design changes to other parts of the plant, and

achieved significant standardization. Mooz found a 10%

decline in construction costs for each doubling of

architect-engineer construction experience (Mooz 1979, p.
v ), After reporting 1981 results simiilar to Mooz,

Komanoff's '84 analysis vested learning in the sponsoring

utility. Plant costs were found to decline by 7% per new
nuclear site (Komanoff 1984a, 11).[51
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It is difficult to estimate the overall learning

cost reductions associated with nuclear's '63-'74

expansion, due to the counter-factual aspect of the

calculation. Based on Mooz-Komanoff findings, and downward

revision of conventional 90% cost declines (due to unstable

plant designs), we estimate learning curve savings of

approximately 20%.

The quest for learning efficiencies remains a major

goal of the NRC and nuclear industry. [6] Legisla tion was

introduced in 1982 to facilitate standardization. Recent

analyses suggest the latter could reduce capital costs by

20-25% for new plants (S.M. Stoller Corporation 1982, pp.

B-5, B-6).[7]

1l Megawatt Scaling Effects

Nuclear promoters also anticipated cost reductions

through the construction of larger sized plants. Each

megawatt doubling was expected to reduce per/kw capital

costs by 20-30% (Komanoff 1981, 200, U.S., AEC 1974b, 43;

Ford Foundation 1977, 112). About 3 megawatt doublings

were expected from the early sixties to the year 2000,
t :

implying cost reductions of 50%-60%. The savings are akin

to the learning curve-scale effects noted above, as they

ar e tied to "pa th" deci s ions,

Actual scaling effects have been less than

anticipated. The AEC put a 1300MW ceiling on plant size in
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the early seventies, blocking plans for 2000NVl plants. [8)

Romanoff found only a 10% cost reduction per megawatt

doubling in 1970's plants (Romanoff 1981, 200).[91 This

rate implies a 25% scaling savings for the period's

upgrading from 200 HW- 1300 MW.

4l ~ Capture Qf SysteID~ Efficiencies

Nuclear promoters could anticipate several

systemwide economies from sector expansion. Among these

were:

1) multiple siting economies,

2)external economi es, and

3) the economic benefits of social accomodation
to the institutional needs of the technology.

In 1968 the AEC foresaw capital cost declines of 9%

from dual plant sitings (u.s., AEC 1968a, p, 2-3). In '74

the Commission increased expected savings to 10-15% (U.S.,

AEC 1974b, 74). Actual savings appear even greater.

Komanoff found a suprising 28% cost reduction for plants\

expected to be completed in the mid-eighties (Komanoff

1984a,11).

Weinberg and others have urged the construction of

"nuclear parks", complete with on-site fuel reprocessing

capabilities. GE has estimated that a cluster of 20 units

would reduce capital cost by about 20% in comparison with

2-4 unit sites (Garvey 1977, 83). Additional benefits from
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reduced materials transport costs and transport hazards,

and the capture of scale economies in skilled O&M manpower

have been claimed for the parks (Garvey 1977, 94-97).
Capture of OT status was also expected to stimulate

economies of scale in manpower training, and increased

private investment in complementary technologies throughout

the economy. Illustrative of the positive externalities

anticipated are the benefits expected from increased

research on long distance electricity transmission.

Breakthroughs in this area would decrease the economic cost

of nuclear's siting distance penalty. Anticipation of

nuclear expansion might also encourage increased research

on electricity end-uses, leaving nuclear competitive in new

markets. [10]
The relevance of institutional accomodation to

nuclear needs can be illustrated by the adjustments

required for viable nuclear parks. The latter would likely

necessitate the creation of mega-utilities and modification

of anti-trust policy. Also needed would be aggressive

exercise of eminent domain in order to create extensive

transmission corridors. The lack of similar land-use

initiatives may have helped stall the growth of slurry

pipel Lnes,

~ Scaling ~ SysteID~ide Efficiencies SUIDID~ed
It is difficult to quantify the market value of OT



415

induced complementary investments and institutional

accomodation. Totaling only learning curve-sector size,

megawatt, and multiple siting economies, implies expected

OT induced cost reductions of about 120%. Actual OT

related savings in these three areas have been about half

this amount.
The work of Oak Ridge researcher James Lane

reflects the more expansive implications of OT status

anticipated in the late sixties. In a paper entitled

"Rationale for Low-Cost Nuclear Heat and Electricity",

Lane assumes R&D improvements, learning curve efficiencies,

mass production economies, megawatt scaling, increased

industry competition, and breakthroughs in electricity

transmission technology. He projects year 2000 generating

costs of 3 M/kwh for a 5,000 11Wplant. [11]

In addi tion to redu cing its own co sts, n u cLe a r' s

capture of OT status discouraged the development of

competing options by denying them access to similar scale

induced efficiencies. [12]

Ql privileged Access to Capital Markets

Nuclear power's promotional assistance and capture

of OT status also gave the technology privileged access to

capi tal markets. [13] As Herrill Lynch vice president

Leonard Hyman has observed," the investor bestowed

blanket confidence on the technology and the technicians
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behind it" (Hyman and Kelly 12/3/81). In addition to the

Price Anderson Act, numerous government guarantees reduced

nuclear investment risks. De facto government policy

promised smooth fuel supply, trouble-shooting R&D, and

congenial regulation. promotional informational

environments dulled investor skepticism.
It is difficult to estimate the credit costs nuclear

would have incurred without OT status. One approach is to

compare nuclear credit costs before and after

disestablishment. Several studies have sought to determine

whether nuclear utili ty f inanci al instruments bore higher

credit costs than coal utility offerings after the late

seven ti es. Through the early eighties the results were

inconclusive (U.S., Department of Energy - Energy

Information Administration 11/82, 114; U.S., congressional

Office of Technology Assessment 1984, 70). The failure to

find significant difference is partially due to the
\

methodology used. Adequate distinctior.s were not el.ways

made between nuclear utilities with plants completed during

the OT years and those with nuclear plants still under

construction after disestablishment.
Nevertheless, the New York State Public Service

Commission found a .25% risk premium attached to nuclear

utility offerings in 1979, a month before T~1I.[14] This

margin increased to .65% immediately after the

Li. __ 2$ XipZJ~, 2 ww a
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accident. [15] An even larger differential was suggested by

J. Hugh Devlin, managing director of Morgan Stanley, in his

1979 testimony before the House Interior Committee. Devlin

blamed regulatory escalation before and after TNI, rather

than the accident itself, for higher credit costs. He

warned, " the confidence of investors is extremely

fragile If they see actions which they regard as unduly

burdensome - an extended moratorium on the licensing of

nuclear plants, for example - their confidence will vanish

abruptly .•• and make it difficult if not impossible for

these companies to raise additional capital at reasonable

costs We therefore urge you to move cautiously and to

carefully consider the capital-raising implications of any

legislative actions you may take" (House Committee on

Interior and Insular Affairs 1979, 115).[16]

In August of 1981 ]2M.rQ.llJ2 noted there had been

extensive nuclear related utility bond rating declines

(]2g.r.rQ.ll§ 8/24/81). In December '81 Merrill Lynch found
--.. ,

that only 26% of the utilites with nuclear construction

projects had "A" or "Aa" ratings. This compared with more

than 50% for utilities without nuclear construction (Hyman

and Kelly 12/3/81, 23,24). Komanoff estimates that in May
1984 nuclear risk premiums exceeded several percentage

points (Komanoff 1984b, 72). Table 25 illustrates the

impact of various interest rate penalties on current

nuclear costs. While a number of factors exacerbated the
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technology's financing difficulties (such as electricity

demand declines) the bulk of the differential reflects the

loss of OT status.

TABLE 2..5..

THE IMPACTQ£ INCREASED~ PREMIUMQN NUCLEARCOSTSllL

Additional Interest Charge

1% 2% 3% 4% 5% 6%

Fixed Charge Increment(2)

IDC Hultiplier Increment(3)

1.3% 2.7% 4.1% 5.6% 7.2% 8.8%

4.5% 9.0% 14% 19%, 24% 30%

Capi tal Cost H/kwh(4)
Incr ernent

6M 13M 21M 29.5H 39M 49.5H

-----------------------------------------------------------
1) Calculations assume average direct construction capital
costs fpr mid-'80's plants of $1640/KW (Komanoff 1984a).

2) See Komanoff 1981 p. 272 for formula used to calculate
fixed charge rates. Calculations assume a 2.8% base
interest rate plus assigned interest rate penalty. Base
case fixed charge equals 9.23%.

3) For formula
7 footnote 42.
period. Base
equals 11.6%.

used to calculate IDC multiplier see Chapter
Calculations assume 94 month construction
case (2.8% interest rate) IDC multiplier

4) Per kwh calculations assume 60% capacity rates.
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II Enjoyment of Bureaucrati~ l1Q.!I\entuill

In 1968 former AECconsultant John Hogerton observed

that utility markets had vested the benefit of doubt in

nuclear as opposed to coal technologies (Hogerton 1968,

29). contemporary theorists of bureaucra tic behavior argue

that such planning assumptions are difficult to dislodge.

Lindberg emphasizes this endurance in explaining the

persistence of supply side responses to the energy crisis in

almost all advanced countries. The concept is also implicit

in the work of Bupp and Nader.

Complementing bureaucratic momentum, Lindberg

emphasizes the paradoxical ability of highly trained

professional personnel to maintain policy positions in

conflict with existing empirical information. Ironically f

he argues it is their theoretical sophistication, self-

selected into a mission oriented bureaucracy, that insulates

policy from practical revie<,q.[17]

He w r Lt.e s -"
\

II bureaucracies seem prone to certain behavioral
patterns in decision making that theorists have
alternatively dubbed 'dynamicallyconservative, ,
'cybernetic,' or 'sectoraL! Such patterns ••• constrain
the search for alternative policies toward energy and
development ••• The decision maker i.s guided by tminimally
articulated, preservative values' that do not 'yield a
coherent. pr eference .ordering for al ternative states of the
world under tradeoff conditions' ••• His essential purpose
is personal and organizational survival and not the
achievement of some optimal outcome •••• The deci.sion maker
will seek to control uncertainty and 'preserve internal
simplicity' by screening out information that his
or qa ni.za t i.ori' s establi shed repertory or response pattern is
not programmed to accept. Selective feedback ••• '....il1
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govern the processing of information. 'Favorable outcomes
will be inferred for preferred alternatives and ..•
unfavorable outcomes will be projected for alternatives the
decision maker intends to reject" (Lindberg 1977, 339-341).

at Calculating ~ ~mbined ~ Differential

It is possible to estimate the sensitivity of nuclear

economics to promotional activities by combining the market

advantages gained by nuclear power from promotional

assistance and OT capture. Nuclear plants ordered '63-'74

enj oyed an average 8.8 H/kwh subsidy rate. [18] Infant

industry hazard regulation reduced the costs of plants on

line by 1972 by 20 ~1/kwh.[19] The promotion of misleading

cost optimism improved nuclear's competitive appearance by

an addi tional 10 H/kwh (independent of forecasting errors

associated with the erosion of hazard internalization

protection). [20] summing these subsidy, regulatory, and

forecasting aids together yields net promotional benefits of

39 H/kwh.
Nucl ear's captur e of

\

scale and systemwide

efficiencies associated with OT status reduced nuclear costs

by an additional 50%, or approximately 17 M/kwh.[21]

Failure to capture as large as expected scaling efficiencies

explains part of the reason for the 10 M/kwh forecasting

errors cited above.
Summing all development aid for nuclear power (see

Table 26) yields a net benefit of approximately 55 M/kwh.
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This total is a lower oo un d estimate of nuclear's

promotional assistance. It excludes the benefits of many

aids which are difficult to quantify, suchas social

accornoua ti on to the insti tuti ona I needs of th e technology,

and the benefits of non-hazard related regulatory

incentives. It also relies on a conservative accounting tor

cal cul.a ting subsi dy total s,

------ ---------------------------------------------------

Aid categories Economi c Impact

Totals

8.8 H/kwh

20.0 H/kwb

10.0 H/kwh

17.0 t-t/kwh

---------
55.8 I'1/kwh

Subsiay Assistance

Regulatory Protection

Forecasting Errors

Learning Curve &
Scaling Benefits
---------------

* See section 7.0 tor derivation methodology

Despite the conservative estimating procedures, the

aid totals 6 times the expected cost of nuclear generation

duri n9 the ban dwag 0 n Ii1 ark e t 0f the six tie s , '1'11e ben e fit s
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are more than 25 times the 2 M/kwh expected nuclear cost

advantage over coal generation, which publicly justified

many nuclear orders (Perry 1977, 37).
Hore important than the aids' airthmetic sum, was

their dynamic and synergistic effects. Nuclear subsidies,

for example, stimulated private capital commitments, which

in turn made possible scale economies, and a cash flow basis

for continued R&D. Regulatory incentives encouraged private

capital commitments and the establishment of bureaucratic

momentum, which facilitated the capture of systemwide

eff iciencies, and soci al accomoda tion to the institutional

needs of the technology. /
A key aspect of the OT process is the risk reduction

which accompanies OT status. This effect transcends

marginal notions of differential credit costs, as it tends

to define the entire context within which capital

commitments are made. The process is pervasive and

potentially self-perpetuating. On a technical level, OT

status reduces engineering uncertainty by increasing R&D

spending. On a socio-political level, OT dynamics reduce

uncertanity by cementing political support amongst dependent

corporate, labor, and consumer constituencies.

~ The Macro/Micro Logic Qf System~ide Planning contexts

The best metaphor for depicting the impact of OT

status on technical choice decisions is the planning context
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image of macro determined micro efficiencies. Amory Lovins
has articulated this idea in terms of "hard and soft energy

paths". He writes,
"These two directions of development are Illutually

exclusive; the pattern of cOfilTIlitmentsof resources and time
require6 for the hard energy path and the pervasive
infrastructure that it accretes gradually make the soft path
less and less attainable. That is, our sets of choices
compete not only in w na t they accomplish, but also in what
they allow us to conteml?late later. 'I'ney are logistically
competitive, institutionally incompatible, and culturally
antithetical" (Lovins 1977, 49).

without employing the formal language ot political or
economic theory, Lovins has rocused on the natural monopoly
characteristics of energy choices highlighteo by the OT
framework. In addition he has emphasized the dynamic aspect
of social life highlighted by n arxi st theory, ",herein
social contexts determine the shape of apparently naturally

or technically deterrnirledconstraints.
Employment of the OT framework allows a

disaggregation ot Lovins' ~utual exclusivity assertion into
,its constitutive parts, a task Lovins never systema tically

addresses. \'ihile his w ork is replete with individual
examples of system incompatibilities and assertions of
their general character, no formal model or accounting is

presented to support this claim. The categories of the OT

differential tallied in this chapter can be used to fill

this gap.
Lovins ciivides t ne basis tor mutual exclusivity
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between energy options into technical and social elements.

The former can be compared with the economic level of OT

theory and represents the extent to which preemptive

economies of scale, learning curve efficiencies, systemwide

positive externalities and interdependent risk premiums

charactereize the energy sector.

Describing the latter, the social basis for

exclusivity, Lovins writes,

II (the two paths) are culturally incompatible.
Each entails an evolution of perceptions that makes the
other kind of world harder and harder to imagine ••• (they)
are institutionally antagonistic. Each entails
organizations and policy actions that inhibit the
other ••• (for example) the rigidity of some of our
institutions, notably the utility sector, is a result of
past commitments to a nascent hard path and is manifestly
inhibiting proper consideration and implementation of a soft
path ••• 11 (Nash 1979, 339-340).

In OT terms the above incompatibilities refer to

realms of discourse and planning context logics.

Implicitly, Lovins asserts the mutually determining

character of political, economic, and ideological phenomena.

Though \underdeveloped in his work, the ideas contain the

seeds of a structuralist view of social life. Behind

competing energy paths are competing planning contxts; and

behind them are alternative sets of structurally given

interests and outlooks.

In both Lovins' work and the OT framework, the

planning context metaphor highlights the role of social

contexts in shaping technical change. The concept of OT
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dynamics allows path dependent theories to' be

operational iz ed.



C HAP T E R VIII

1. The meaning of learning curve cost reduction is
ambiguous in the nuclear literature. The term sometimes
refers to the cost savings attendant with improved
pr oducti on technique sat existing output level s. On other
occasions the savings involve the benefits of
standardization and the capture of production economies at
higher output levels. For purposes of maintaining a
conservative estimating bias and avoiding possible double
counting, we shall collapse the two effects in our
calculations. These gains are independent of and additional
to, however, any improvements resulting from increased R&D
expenditures.:.

2. In 1962, for example, the AEC observed: "Efficiency of
operation and low cost construction are to a considerable
extent brought about through construction and operating
experience. After more than half a century of experience,
fossil fueled steam electric plants are still achieving very
worthwhile increases in efficiency and reductions in real
dollar construction costs. It seems almost certain that
part of the improvement in nuclear electric plants will come
in the same manner. Consequently. nuclear generation in the
year 2000 will be more efficient and lower cost if a number
of large nuclear plants are built during the next ten to
fifteen years, than if the acquisition of this experience is
delayed" (U.S. AEC 1962, reprinted in: JCAE 1968,220).

3. Learning curve effects are commonly expressed in terms of
percentage cost experienced per doubling of output. A 90%
learning ~urve implies a cost function with the following
form:

where Yn equals the cost of the nth plant and Yl equals the
cost of the first plant. An 80% learning curve implies a

learning curve exponent of -.322.

4. For example, the reactor vendors assumed learning cost
reductions of 20%-25% ($55/kw) over the 1963-1966 period in
their turnkey cost calculations (Perry 1977, 33).

426
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The AEC r e por t e d in 1968: "Experience gained in the
various activities ot the nuclear industry ... has already
led to cost reductions ••• The effects of this trend to
standardization, taken in conjunction with design
repetition, experience gained in manufacturing, and the
i mpr ov eo techniq ue s or mas s pr ouuct I on, will pr obably lead
to cost reductions which have in the past in similar
industries generally r ol Lov ec a 90 per-cent learning cur ve
relationship. A major reactor manufacturer uses the
learning curve technisue to analyze and forecast progress in
cost reductions in the manufacture of nuclear components"
(U.S., AEC 1968a, p.3-2).

The Little study of '68 estimated that an increase in
vendor output from 3 to 6 nuclear stearn supply systems per
year would reduce overheaa and R&D costs by about 15% ana
direct production costs by about 3-5% (156-158).

Si nee the rnid f if i ti es 1earni ng curve theory has al so
been applied to nuclear fuel cost projections. 'I'ybout
(1957) and Little (1968), tor e xa mp.l e , emphasized the cost
reductions expected from scale economies in fuel fabrication
and reprocessing.

The AEC's 1968 nuclear cost study assumed a 90%
learning curve for the first 2 doublings of fuel
fabrication output, followed by a 95% rate for the next 4
do ub1 i n g s , Th ere s u1twa sap r 0 j e c ted 33% cos t red u c t ion
1970-2000 (AEC 1968a, c h , 5 p. 83). Larger scale ana
learning curve cost declines were assumed for fuel
reprocessing costs (AEC 1968a, chapter 5 pp. 101-105).

Little (1968) assumed a reprocessing scaling
coefficient of -.35 (p. 221), projecting a two-thirds
decline,in costs for 6 ton versus 1 ton/day reprocessing
p1 ant s (245) . A 6- 7 ton / day s i z e was est i IIIate d t 0 be
optimal (245). As the latter plant would meet the
reprocessing needs of 60 1000 HW reactors a year, it
presumes a large nuclear sector.

Scaling economies will probably be even larger in the
waste disposal area.

5. Kornanoff found a 3.5% cost reduction per plant for
utilities with multiple reactor sites (Komanoff 1984a, 11).

6. Stanoardization became an official regulatory goal in
1972 when the AEC announced licensing preference for
standa rei z eo desi qn s, \'Jesti nghouse' s of f shor e power sy stem
project was the major standardization initiative (U.S.,
Congressional Otiice of Technology Assessment 1981, 36).
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Severe public opposition to many of the coastal plants,
utility financing difficulties, and TMI ultimately forced
abandonment of the project. (Price 1982, 46-49; Olson 1976,
200-205) •

A consortium of utilities organized the standardized
Nuclear Unit Power Plant System (SNUPPS) and originally
contracted for 6 units at 4 sites. Although 2 units were
sUbsequently cancelled the utilities claim that standardized
procedures has brought 10% cost savings to the remaining
plants (U.S., Congressional Office of Technology Assessment
1981, 46-48). Commonwealth Edison's 4 Bryon-Braidwood
plants also appear to have benefitted significantly from
standardization (Komanoff and Bupp 1983, 11).

The French program provides an often cited model for
standardization. Alleged savings are argued to exceed 25%
(U.S., Congressional Office of Technology Assessment 1984,
67) •
7. In 1982 the Stoller corporation's "Nuclear Supply
Infrastructure Viability Study" estimated that pre-certified
designs and standardization could reduce craft labor
requirements by 20%-25%, engineering costs by 50% and
construction duration by 3 years. projections were based on
comparisons with French and Japanese experience (Stoller
1982, B-5, B- 6)•
8. The AEC (1968a) noted that existing research indicated
that 3000MW light water reactors were technically feasable
(ch, 3 p. 18). It foresaw potential savings as high as 20%
for a scaling leap from 1000 MW-3000 Mvl ( ch, 3 p. 18, ch , 1
p. 27).
9. \Komanoff (1981) found each megawatt doubling reduced
direct construction costs by 13%. Increased construction
duration, however, added 3% in costs, for a net gain of only
10%. The lower capacity rates of larger plants reduced
overall generating cost gains even further (Komanoff 1981,
200). Mooz (1979) found little evidence of demonstrable
scal ing efficiencies (32,42).
10. Another aspect of systemwide efficiencies are joint
product efficiencies and economies of scope. A number of
efforts have been made during nuclear development to capture
related cost reductions. As noted in Chapter 1, nuclear
development was initially aided by its joint product status
with weapons production and naval reactor development. Fuel
cycle costs were reduced by the enrichment scale economies
made possible by the military program. Abortive attempts
were made to develop joint processes for electricity
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production and desalinization. Billion dollar efforts were
made to link reactor expertise to air and merchant marine
transport. Although these and other nuclear projects, such
as th e "Plow sh are" and Gasbuggy II pr ogr am s de signed to use
nuclear explosives for excavation and fossil fuel recovery,
proved unsuccessful, they tended to stimulate private
nuclear investment by portraying atomic experience as a
valuable by-product of nuclear initiatives.

The integrated reactor vendors appear to have
captur ed som e econom ies of scope.
11. Lane's conclusion illustrates the planning vision
associated with nuclear's aT status. He writes:

It appears that I have painted a very optimistic
picture of the future outlook for low-cost nuclear power;
however, in all probability it may be too conservative.
First of all, the projected per capita use of electricity in
the year 2000 represents merely a saturation of current
applications, such as home heating, air conditioning, and
color television, and makes no allowance for the
introduction of new applications. If, for example, because
of shor tages of petr oleum the U.s. transpor ta tion indust ry
converts to electricity-powered vehicles, this would
increase the per capita consumption of electricity by 10,000
kw-hr/yr with resulting decreases in costs.

n ••• The overall result. may lead to fulfillment of the
age-old dream of electricity too cheap to meter" (Lane p
25) •

12. Absence of aT status can discourage research and sector
investment by deflating the economic benefits of
technological breakthroughs in isolated parts of an energy
system. For example, while the AEC insured that bottlenecks
in areas l'ike uranium supply, enrichment or waste disposal
did not retard reactor development, the lack of solar energy
storage technology, and absence of engines able to operate
on small temperature differentials, discouraged investment
in solar collector research. The slow expansion of slurry
pipelines may have similarly undermined coal based
investment.

Only as nuclear power's aT status began to erode did
the scaling and systemwide potential of alternative energy
sources such as solar and biomass begin to receive serious
planning attention. Commoner (1979) illustrates this
phenom ena with respect to photovol taics.

In 1976 anti-nuclear pressures led to the adoption of
legislation requiring the Federal Energy Administration
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(FEA) to cievelop strategies for accelerating solar
Q eve 1 0 pmen t. Are s u1 tin g FEAre P0 r t est i mate d t 11a t a $440
million Department of Defense photovoltaic purchase could
r eouce the cost of solar electricity from $lO/peak watt to
50 cents/peak watt. This would make photovoltaics
competitive with current generating technologies in certain
remote site and street lighting applications, and lay the
learning curve groundwork for penetration of larger markets.

The report suggests that federal funding and pro-
solar signaling were necessary to offset inertias imposed by
factor s such as nuclea r" s OT stat us (Commoner 1979, 33-38).

Commoner (1979) also argues that the nuge investment
in pipeline infrastructure necessary for an integrated
biomass-methane based energy system, makes such technology
feasable only on a large scale basis (56, 64).

13. The technology's support trom aiversified corporations
like General Electric ana westinghouse also endowed it with
a source of internally generated funds. Its utility
sponsorship gave it easy access to bank and insurance
company cr edi t. As noted in th e appendi x to Chapter 5,
real ·IOU credit costs 1955-1977 averaged only 2.8%.

14. The report found average yields of 9.74% for 59 major
utili ties with nuclear genera tion in opera tion or planned,
as compared with average y ielas of 9.49% for 41 non-nuclear
utilities (Komanoff 1984b, 68).

15. The Public Service Commission iound the 59 nuclear
utilities of footnote 14 yielding 10.43% in April '79,
compared with 9.7% for the non-nuclear utilites (Komanoff
1984b). A December '79 Paine \~ebber Hi tchell Hutchins Inc.
study implied a continuing .5% differential (Komanoff 1981,
271,276). Salomon Brother s 12/4/79 found a similar decl i ne
in the relative price of nuclear and non-nuclear orienteci
utilities right after the THI accident, but noted the
general erosion of this differential over time (Salomon
Broth e r s 1 2/ 4/ 79 , 2 , 23) •

16. More in line with Devlin's assessment of the importance
of nuclear power's de facto "insured" status than the one-
half percent increase in financing costs observed in the
aftermath of TMI, was the extraordinary drop in Combustion
Engineering's stock in Hay 1974. On Hay 7th the ligll Str~~.t
Jgurnal reported that the company had entered into reactor
contracts "allowing power utilities considerable freedom to
back out of deals they had made with Combustion ana
extending broad warranties that even cover equipment changes
that may be required by future revisions in Atomic Energy
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Commission rules." The article noted, "Normally contracts
provide that any AEC caused cost overruns are to be divided,
usually with the utility paying at least two-thirds •••"
Combustion's stock, which stood at 75 and 1/8 on May 6th
plummeted to 46 1/2 on May 8th. The bulk of the near 40%
decline reflected investor concern over company liability
for nuclear uncertainties.

Similar investor caution greeted private sector
efforts to fund enrichment ventures without government
guarantees (Barrons 7/7/75).

Six months after the Three Mile Island accident,
Equitable Life Insurance Vice President Carleton Burtt told
the House Interior and Insular Affairs Committee, "We at the
Equitable are proceeding cautiously at this moment regarding
fur ther cornmi tm ent s in nucl ear power. We cannot commi t
further without a clearly defined policy framework and an
adequate regulatory protection" (House Committee on
Interior and Insular Affairs 1979, Ill).

17. Lindberg cites the work of cybernetic theorist John
Steinbrunner, for example, regarding the legacy of highly
structured professional training:

"With his beliefs established in a long-range
framework and well anchored, his inference management
mechanisms are able to handle the pressure of inconsistency
in any short-term situation. Inferences of transformation
and impossibility, the selective use of information and
other inconsistency management mechanisms are brought to
bear for this purpose. Since the theoretical thought
process is strongly deductive, and thus relatively less
dependent upon incoming information in order to M.!;.ill2l..i..Q..h
(in original) coherent beliefs, incoming information can be
molded and even ignored or denied .••" (Lindberg 1977,
343) •

Essentially Lindberg and Steinbrunner outline the
implications of a paradigm conception of technical realms of
discourse. The history of radiation hazard, nuclear
accident and cost analysis supports their claims.

18. See Tables 15 and 17 for derivation of the 8.8 M/kwh
subsidy figure.

19. See Chapter 6 section 4.0 for derivation of the 20 M/kwh
requLat o ry protection figure.

20. Cost underestimation assumes two-thirds average capital
cost forecasting error due to hazard regulation escalation
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(per Chapter 6 section 4.0). Considering the remaining
overrun independent of regulatory policy yields a separate 6
M/kwh forecasting error (per Table 23). o s n cost
underestimation adds an aditional error of 4 M/kwh (per
Table 23).

21. Learning curve-scaling cost reductions assumed to be 50%
(per discussion in chapter 8 section 5.0), or one-half
average generating costs for plants ordered '63-'74 (33.45
M/kwh - Table 23).



C HAP T E R IX

CONCLUSION
Using the OT framework the dissertation explained the

pattern of nuclear power development in the United States

1946-1982. The history challenges technically deterministic

theories of the market's organization of innovation. The

pace of nuclear development was tied to the technology's

degree of OT status. Social as well as technical variables

were found to determine the relative capture of this status.

The strength of the OT concept is its ability to

integrate social and technical variables in a single

framework. As Chapters 3-8 demonstrated, the approach is

able to encompass a wide range of phenomena within a common

pattern of explanation. Chapter 3 outlined the

character of the nuclear planning context during nuclear's

expansion years. Promotional support for the technology was

tied to the pursuit of economic rents and positive political

externalities 'by cold war planners, the naval reactor

vendors, a number of growth oriented utilities, and several

large architect-engineering-construction firms. These

groups' success in creating a critical mass development path

was facilitated by the pervasiveness of cold war ideology,

technocratic professionalism, and consumerism in the fifties

and sixties. ,)
Chapters 4-7 outlined the mechanisms used by nuclear

f

433
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advocates to win OT status for nuclear power. Chapters 4-6

detailed the period's pro-nuclear subsidies and regulatory

incentives. Chapters 4 and 7 discussed the origins of a

miseladingly optimistic set of nuclear cost expectations.

The analysis demonstrated the social roots of a realm of

discourse favorable to nuclear expansion.
Chapter 8 quantified the microeconomic impact of

nuclear's capture of OT status. Alongside the benefits of

public subsidy and regulatory favor, the OT differential

included the benef its of induced scale economies, learning

effects, and misleadingly optimistic cost expectations.

Even excluding many difficult to quantify advantages of OT

status, such as improved access to capital markets, the 5.5

cent/kwh differential dominates other factors in explaining

the expansion of nuclear power 1965-1974.

The erosion of this differential, due to nuclear's

subsequent loss of OT status, is primarily responsible for
\the technology's decline. From 1965 to 1968 there were 290

articles about nuclear power recorded in the ~~~ XQ~k
Times's summary index. Only 42 of these, or 14%, included

ref erence to opposition to nuclear power. For the years

1975-1978 over 50% of the articles summarized (641 of 1245)

contained opposi tional references. The numbers record the
't' ,

collapse of the planning context consensus which authored

nuclear's earlier capture of OT status.

The above data has interesting implications for
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nuclear cost forecasting. Engineering models have

persistently proven worse nuclear cost predictors than

forecasting models which included proxy variables for the

level of pol itical opposi tion to the technology.

Regression studies by Komanoff (1981), Hooz (1978,1979) and

Bupp et ale (1975) ,found socially related variables

statistically significant in explaining nuclear cost trends.

Preliminary work within the aT framework has found nuclear

cost increases to be significantly correlated with the

number of oppositional articles appearing in the Times'

summary index. These relationships reflect the diffuse ways

social variables determine relative economic efficiencies,

in both real resource and accounting terms.
i

The history of nuclear power suggests several

conclusions for economic theory and public policy. The

activities of the reactor vendors and pro-nuclear utilities

support an "active-firm" theory of market behavior and

Ln du st ni aI organization. The aT model also suggests that

pressures for excessive risk taking may emerge in new

industries, as firms struggle to win aT status for congenial

technologies and market shares within them. In the absence

of a well funded system of adversary science and technology

assessment, emerging industries may create public health

hazards. The Reagan Administration's support for the

principle of "self-regulation" seems especially dangerous in
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the area of biotechnology. The history of nuclear power

also suggests that decentralized or competing public

bureaucracies are more likely to protect the public interest

than centralized institutions such as the AEC and JCAE.
The dissertation suggests several avenues for future

research. Especially useful would be a planning context

analysis of the socio-political factors responsible for the

disestablishment of nuclear power as an Official Technology.

Attempts to apply the OT concept to non-nuclear technical

choices, perhaps in the transportation, medical or

agricultural sectors, could test the concept's general

applicability. The OT framework's focus on path dependent

choices and competition for scale economies may have

application in historical analysis of regional development.

The dissertation also suggests some areas for further

research within Marxist theory. The logic of planning

context analysis suggests a linkage between the concept of a

"social structure of accumulation" (SSA) and analysis of

technical change. Since the viability of different critical

mass development paths is influenced by institutional

structures, it should be possible to link the shape of

technical change to SSA characteristics.
A fully developed SSA framework might be able to

endogenize the nature of the original planning context that

promoted nuclear development and the later context that

discouraged it, within a broader analysis of the changing
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character of post-war American capitalism.

pregnant in such a project would be a powerful

critique of the methodologially individualistic

underpinnings of neoclassical economic theory. The

direction of technical change would be tied to the

interactive logic of a social system which created

particular planning contexts, rather than the aggregated

logic of individual maximization decisions subject to

exogenous constraints.

,/

10JCkU jQ ~1*.- A_ XU~



Adams, Gordon
1978

and Gloria Duffy.
l'Q~~ r RQli.tJ.Q.si .Tb~ l'J.!J.Ql_eg[ .lD.Q.!J.s.t.IY gD9
Nuclear ~ports. New York: The Council on
Econom ic Pr ior i ti es.

Ahmed,
1979

S. Basheer
Nuclear ~ and Ener.9Y ,I>oli.QY.
MA: Lexington Books.

Lexington,

Allen, Bruce and Arie Melnik.
1970 "Economics of the power Reactor Industry."

Quarterly Review of Economi~ gnd Business
10, no. 3.

Allen,
1977

wendy.
Nuclear Reactor.s .f.Q.I Genergting
E1e c t ric i ty.;.. ~ J2~.Y~lQJ2.m~D.ti'..£QID 12-.4.6-
to ~~ Rand, R-2116-NSF. Santa
Honica, CA: Rand Corporation.

Ander son, Douglas.
1981 Regula tory l:Q.lJ tics gnd J:lectrJ.Q .!J.U1J.ti..e.Q.;..

h ~ Study in Political Economy.
Boston: Auborn House Publishing Co.

Archer, victor.
1979 "Effects of Low Level Radiation A Criti-

cal Review." ]gJJ..Ql&g.£ ..sgi~.ty 21, no. 1.

Ar r ow, Kenneth.
1982 "Economic Welfare and the Allocation of

Resources for Inventions." In The Rate and
DirecllQil Qf l..Dventiye Acti.Yi..t.Y. Edi ted by
Richard Nelson. Princeton, NJ: Princeton
University Press.

Atom i c Industri al For urn, Inc.
~b& i'.Q.£.!JIDM~IDQ .tQ H~IDb~.I.Q. Monthly1954-
1 964 • Ret i t I.e d BJJ.Ql&g.I .In.QJJ.s.t.£y 1 96 4-
present. New York: Atomic Industrial Forum.

Atomic Industrial Forum, Inc.
196 5 li.6.~ Annual Conference ProceeQing.s. Vol.

2. New York: Atomic Industrial Forum.

438



Averch, Hand
1962

Barz el, Yor am.
1968

439

L. Johnson.
"Behavior of
Constraint."
no. 5.

the Firm Under Regulatory
hID~.1"..t~g.D l:~.QDQIDi.~ .B~.Yi.~~ 52,

"opt imal Tim ing of Innova ti ons;" Reyig1</ Qf
Economics g,DQ Statistic~ 50, no. 3.

Memorial Institute.
"An Analysis of Federal Incentives Used
to Stimulate Energy Production." PNL-2410
Rev. Richland, Washington: Pacific
Northwest Laboratory.

Battelle
1978

Bello,
1979

Walden, Peter Hays and Lyuba Zarsky.
5JLQ.=-l1il~ l.~l.2n.Ql- .1'.h~ .12.hi.li.E.l2i.n~ .HjJ~l ea.I
Bgg~lQ.I lJ~.91.Hountain View, CA: Pacific
Research.

Berger, John.
1976 l~.!J.~lgg.J"PoX{g.J"..i..Thg unvi.ii.bl_e QJ2.tion.

Rev. edt 1977. New York: Dell.

Best, Michael and William Connolly.
1976 .1'.hg ~Qli.li~ize.Q ~~QDQIDY. Lexington, MA:

Heath.

Binswanger,
1978

Bodde, David.
1975

Bowles, Samuel
1976

Hans.
"The Microeconomics of Induced
Innovation: Technology, Institutions
and Development." In .In.Q.!J.~~..QI.DnQY.9.tjQn..i..
Technology, Institutions.2D.Q DevelQPID~
Edi ted by Hans Binswanger and Vernon
Ruttan. Baltimore: Johns Hopkins Univ.
Pr esse

"Regul a ti on and Techni cal Evol uti on: A
Study of the Nuclear Steam Supply System and
Commercial Jet Engine." Ph.D. diss.,
Graduate School of Business Administration,
Harvard Uni ver si ty.

and Herbert Gintis.
~~1100li.D..9 in ,.CgQ.i..t.f11Jst hm_eri£-al- Educational.
BgiQ.IID gDg .t.hg ~QD.t.I.9g~.ti..QD~Qi ~~QDQIDi.~
Li.fg. New Yor k: Basi c Books Inc.



440

Bowring,
1980

Joseph.
"Federal Subsidies to Nuclear power:
Reactor Desi gn and the Fuel Cycl e." Pr e-
publ ica ti on dr af t. Rev ised and
subsequently published as: "Federal Support
for Nuclear power:Reactor Design and Fuel
Cycle" by U.S. Department of Energy -
Energy Information Administration.
washington: GPO, 2/81.

Brannon, Gerard M.
1974 ~~9Y Tah~~ gD~ ~~b~j~i~~.Cambridge,MA:

Ballinger.

Braverman, Harry.
1974 Labor and .Monopoly ~.t..9lJ.. Th~ DegrgdatiQil

of NQ£k in the Twentieth Centry. New York:
Honthly Review Press.

Breyer, Stephen and Paul MacAvoy.
1974 ~D~I9YB~g~lg~iQD by ~h~ ~~~~Igl ~Qli~~

~mmissiQn. Washington, D.C.: The Brookings
Institution.

Bupp,Irvin, Jean-Claude Derian, Harie-Paule Donsimoni and
Robert Trei tel.
1974 "Trends in Light Water Reactor Capital Costs

in the United States: Causes and
Consequences." Cambridge, HA: Center for
policy Alternatives, Massachusetts Institute
of Technology. Sections reprinted in: U.S.
Congress. House. Committee on Government
Operations. 1977: 1730-1751.

1975 "The Economics of NuclearPower."
Technology Review 77, no. 4.

\

Bupp, Irvin.
1977a "Energy Pol icy Planning in the United

Stat e s: Ide 01 0 9 i cal BTUIS. " I n l'h~ ~D~.r.gy'
Syndrom&. See Lindberg. .

1977b Congr essional Testi mony. See U.S. Congr esse
House. Committee on Government
Operations. 1977: 1390-1403.



441

Bupp,
1981

Irvin, and Jean-Claude Derian.
~b~ EQ1~g R~Qml~~ Qf ~~~l~Q~ RQ~~~. New
York: Basic Books. Originally published as
Llgb.t .NQ.t~L.i... .HQ~ .t.b~ fl~~..l~Q~ 12~~Qm
Pissolved. New York: Basic Books 1978.

Bupp,
1983

Irvin, and Charles Komanoff.
"Prometheus Bound: Nuclear Power at the
Turning Point." Cambridge, MA:Cambridge
Energy Research Associates.

Burn,
1967

Duncan.
The Political Economy of Nuclear Energy:
hn ~~QnQml~ .s.t~gy Qf .cQn.t~Q~.tlng
Q~ggnlzg.tlQn~ In .t.b~ ~E gnQ Q~h~~l.tb
Evaluation of their Effectiveness. London:
The Institute of Economic Affairs.

1978 Nuclear Po~~ and the Energy Crisis:
Politics and the Atomic Industry. New York:
New York Universi ty Press.

Cambel, Ali.
1964 ~n~~gy B~12 gn~ ~g.tlQng..lg~Qg~~~~.

Washington: GPO. See U.S. Executive Office
of the President. Energy Study Grou~

Chapman,
1979

Duane.
"Huclear Econom ics: Taxa tion, Fuel Cost and
Decommissioning." Ithaca, NY: Department of
Economics, Cornell University.

1980 Kathleen Cole and Michael Slott.
"Energy Production and Residential Heating:
Taxa tion, Subsidies and Comparative Costs."
Washington, D.C.: U.S. Environmental
Protection Agency.

Chapman, Duane.
1983 Energy Resources and Energy Corporations.

Ithaca, NY: Cornell University Press.
Chubb,John.
1983 Interest Groups and the Bureaucracy.

Stanford, CA: Stanford University Press.

2[ & .



442

Cohen, Tom.
1979

Qp~n ~QX ~g~iD~~R QDlyl~ b ~QIDillQn~gU$~
~~g~y Q1 ~b~ D~EgLtm~Dt Q1 ~D~L9Y'
Washington, D.C.: Common Cause.

comanor, william.1967 "Market structure, product Differentiation
and Industrial Research." .Q.1Wxterly Journal
Qi ]conom.iJ& 81, no. 4.

Commoner, Bar ry.1977 j'b~ EgY~L.tY Q.f 1:Qli~X~ ]D~j:gy gDQ .t.b~
EcoDomic crisi..Q. New York: Bantam.

1979
j'.b~ 1:Qli~jgR g1 ]n~Xgy· New York:Alfred
Knopf.

--'

congressional Quarterly.1 9 7 9 ..En ~X9Y 1:Q.l i g y • \'l ash i n 9 ton, D• C. :
Congressional Quarterly Inc •

1981

.ED~X9Y 1:Q.ligy. Hashington, D.C.:
Congressional Quarterly Inc.-------

Cook, Constance.1980 Nucleax Po~~X gnd Leg9.1 bfjyocaJ;S·
Lexington, MA: Lexington Books.

Cowling, Kei tho1982 Monopoly ~Eitall~ID. London: Macmillan
Press LTD.

Dawson, Frank.1976 Nuclear .£Q~~ De.YQlQEID~nt gnd l1ana~ID~nt
Q1 g j'~g.bDQ.lQgy.Seattle: university of
\-1ash ingt on Pr es S.

DeGregori,
1977

Thomas."Technology and Ceremonial Behavior:
Aspects of Institutionalism.1I .J..Qurnal Q1
,E.ggnQmig Issues 11, no. 4.

net.eon. Peter.1979 Dey~lQEID~n~ gnQ ~if1gRiQD Qf .t.b~ ~ggl~a~
~Q~~L B~g~.tQLi b ~QIDPgLg.tiY~ bDg.lYRi~
Cambridge, NA: Ballinger.



443

Del Sesto,
1979

StevenScience, Politics and Controyersy~ Civilian
~1!.Qilg~~Q~~~ in .t.h~1!ni.t~i1·.s.tg.t~u:L~i.6-=-
1974.... Boulder, Colorado: ~'lestviewPress.

Donnelly,
1972

Warren.~QIDID~~.Qigl~1!.Q~g~ ~Q~~~ in ~1!~Q~~ ~.h~
~n.t~~g.Q.tiQnQ1 bID~~i.Qgn ~iQIQIDg.QY ~i.t.hg
~~~ ~~.QbnQIQgy. Report prepared for the
Subcommittee on National Security policy
and Scientific Developments of the House
Committee on Foreign Affairs.
Washington: GPO.

DOW i e, Bar k,
1978

"The Bechtel File." Mother Jones 3, no. 8.

Duchesneu,Thomas.1975 ~mpetition in the ~ Energy Industry~ h
Report to the Energy policy project of the
Ford Foundation. Cambridge, r:iA:Ballinger.

Ebbin, Steve
1974

and Raphael Kasper.
~i.tiz~n ~~Q1!Q~ gni1 .t.h~~1!.Ql~g~ ~Q~~~
~Qn.t~QY~~~y~ 1!~~~ Q1 .s.Qi~n.ti1i..Qgni1
Technological Information. Cambridge, MA:
HIT Press.

Elliot,
1978

John. "Institutionalism
Political ECOnomy."
.I~~1!~~12, no. 1.

as an Approach to
.J:Q1!~nglQ1 ~.QQnQIDi..Q

Ellul, Jaques.
1967 ~.h~ ~~.Q.hnQ1Q.9i.Qgl.sQ.Qi~.ty·New Yor k:

vintage Books.

Falk, Jim.
1982 Global Fission. New York: oxford

University Press.

Flavin, Christopher.
1983 Nuclear Po~ The Market Test.

Washington, D.C.: worldwatch.

53 S2 £ US 3-3 -'



444

Ford, Dani el,
1975

and Henry Kendall.
"Ca tastroph ic Nucl ear Reactor Acci dents. II

In .1'.h..§~JJ.QlggS i:JJ..§lS;;~1e.i..h Q.1H.'y"§YQi ..t.h~
Public Health, EnyironmentaL and National
Q..§.QJJSi..ty~ii§.Q..t~ Qi ~JJ.Ql..§gS ~Q~§S.
Prepared by the Union of Concerned
Scientists. Cambridge, MA: MIT Press.

Ford, Daniel.
1982 ~.h..§S;;JJl..tQi ..t.h..§h..tQID.New York:

Simon and Schuster.
Ford, Dani el,
1976.

Henry Kendall and Lawrence Tye.
~SQ~n~ .E~S.IY.i..h .B~.gJJlg..tQSY .££!i.l!!.I~.
Cambridge: HA: Union of Concerned
Scientists.

Ford Foundatio~ Energy Policy Project.
1974 h TiID..§to Choose: America's Energy Future.

Cambridge, HA: Ballinger.
Ford Foundation. Nuclear Energy Policy Study Group.
1977 Nuclear Power Issues and ~oices.

Cambridge, MA: Ballinger.
Ford Foundation. Energy Study Grou~
1979 .En..§s.gy.1'he~gz..t .1'~~n..ty.x..§gS~. Cambridge,

HA: Ballinger.
Freeman, S David.
1974 Energy the Ne~ Era. New York: Vintage.
Fuller, John.
1975 ~g Almost Lost Detroit. New York: Reader's

Digest Press.
Galbrai th,
1952

John. .
hID§si.Q£!n S;;gr>i..t£!li~.ID.·
Mifflin Company.

Boston: Houghton

1973 Economics and the Public Purpose. Boston:
Houghton Mifflin Company..

Gandara,
1977

Arturo •
.E~.Q..t.Ii.Q~..tili..ty~"§.Qi~iQnID£!tin.g£!n~ ..th~
~!!.Ql..§£!SQr>..tiQn. Rand, R-2148-NSF. Santa
Monica, CA: Rand Corporation.

u



445

Garvey, Gerald.
1977 Buclea.x POXier and Social Planning. '"

Lexington, MA: D.C Heath and Company.

Gendron,
1975

Bernard.
"Na r x and
History. II

th e Technol ogi cal Theory of
Philosophical Forum 6, no. 4.

Gofman,John and Arthur Tamplin.
1971 EQi.§.Q.ngg EQ.Yl~.r. Rev. ed, 1979. Emmaus,

PA: Rodale Press.

Gotman, John.
1981 Radiation and Human Health. San Francisco:

Sierra Club Books.

Gordon, Dav id,
1982

Richard Edwards, and Michael Reich •
.s~.9m~n.t~.Q 1YQ.rk .Qi.Yi.Q~.Q 1Y0 r .k~.r'§'.L. The
.Hi.Q.tQ.ril~l j'.r~n.Q f 0.rm~.tiQn Qi LabQ.r in .t h e
JJni.t~.Q .s.t~.t~.§.. New Yor k : Cam b rid g e
Universi ty Press.

Gordon, Wendell.
1980 ~n.§..ti.tg.tiQn~l ~~QnQIDi~.Q.

Universi ty of Texas Press.
Austin:

Gorinson,
1979a

Stanley
Staff Report to the President's ~mmission
Qn .tn~ h~~i.Q~n.t g.t j'n.r~~ Hil~ ~.§.lgn~
.B~nQtl.§. Q.t .tn~ j'~~nnical h.§..§.~.§..§.m~n.tj'g.§..k
Force, Vol. ~ Washington: GPO.

1979b Staff Report to the President' s ~mIDi.ssion
Qn .the h~~i.Q~n t g.t j'n.r~~ .Mil~ illan~ j'he
.NJ!~ilM B~.9J!il.tQ.ry i::Qmmi s siQ1l.L RenQ r t Q£
.tn~ ,Q f f i~~ Qi i::h i~i i::QJ!n.Q~.h
Hashington: GPO.

1979c Staff Report .tQ ~ President's ~mmission
Qn .tn~ h~~i.Q~.n.t ~.t j'n.r~~ llil~ ~.Q1an~ j'n~
.Bg~~ Q£ .tn~ .M~ng.9in.9 JJ.ti.l.i.ty ~n.Q ~.t.§.
Suppliers. washington: GPO.

Gorz, Andre.
1979 IINuclear Energy and the Logic of Tools.1I

Radical Amer ica (Hay-June).



446

Green Harold.
1957 "The Strange Case of Nuclear power."

Federal Bar Journal 17 (Apr il-June).

Green,
1963

Harold and Alan Rosenthal.
Government of the Atom.
Atherton Press.

New York:

Green, Harold
1973 "Nucl ear Power - Ri sk, Liabil i ty and

Indemnity." Hichigan Law ReviejY 71 (3)

Gyorgy, Anna
1979

& Friends.
No Nukes; Everyone's Guide to Nuclear
.E.Qwer. Boston: Southend Press.

Hass, Jerome, Edward I-1itchell and Bernell Stone.
1974 Financing the Energy Industry. Cambridge,

f.1A: Ballinger.

Hamberg, Dani el.
1 96 6 lS.&~i. .&;.Q..Q.,9,Y.§.Q.n .t h e .&;.QQ.nQmi.Q.Q Q.f. B~ s e.f!r c.h

and Development. New York: Random House.

Hay, Donald and Derek Morris.
1979 Industr ial Economics; Theory and Evidence.

New York: Oxford University Press.

Hayes, Denni s.
1977

Hays,
1979

RaY.§. Qf Ho'p&i. 1'.h~ 1'.L..f!n s i tiQ.n .tQ .f! RQ..Q.t
petroleum ~orld. New York: W.W. Norton.

pet~r, Walden Bello and Lyuba Zarsky.
2QQ = Mi~ ~.QlanQi. 1'.h~ g.hili~i.n~ ~~.Ql~.f!.L.
lS~.f!.Q.tQ.L.~eal. See Bello.

Hays, Peter and
1983

Lyuba zarsky
Draft Nuclear power Study
Photocopy.
Amherst, MA: Department of Economics,
University of Massachusetts

Hays, Peter and
1984

Lyuba Zarsky.
"Nuclear Electric Futures in
Countries of Asia-pacific."
Amherst, HA: Department of
Universi ty of Massachusetts.

Developing
PhotocoPY·
Econom ics,



447

Hellman, Richard and Caroline Hellman.
19 83 .1'.b~ £.QIDJ2~.tl.t.ive .E£.QD.QID1£.Q.Q.f .Nucilg~ QD~

~.QQl R.Q~~~. Lexington,MA:Lexington Books.

Hewlett, Richard and Francis Duncan.
1 974 BJJ£l~Q.r .NQYYz..llti::.l~.2.2.. Chi c ago :

University of Chicago Press.

Hirshleifer,
1971

Jack.
"The Private and Social Value of Information
and the Reward to Inventive Activi ty."
American Economi£ ~~~ 61, no. 4.

Hertsgaard, Hark.
1983 Nuclear ~ New Yor k: Pantheon.

Hogendorn, Jan and Wilson Brown.
1979 .Tb~ Ne.w International Economics.

HA: Addison-Wesley.
Reading,

Hogerton, John.
1968 "The Arrival of Nuclear Power." ..s£i..enti.fi£

AID~.ri caD 218, no. 2.

Hollom an,
1975

J. Herbert and Michael Grenon.
Energy Research and Development.
MA: Ballinger.

Cambridge,

Hyman, Leonard
1981

and Doris Kelley.
"The Financial Aspects of Nuclear Power:
Capital Credit, Demand and Risk. New York:
MerrilLynch,Pierce,Fenner and Smith Inc.

Institute for
Universi ties.
1979

Ener gy Analy si s, Oak Ridge Associated

ECQno~ and Enyironmental ~mpacts .Q.f Q ~
.NJJ£l~ M.Q.rQ.t.Q.rlJJ~~i::.2.Ql~
Cambr idge, f.1A: MIT Press.

Isard, Walter and Vincent Whitney.
1952 .8tO.mll g.Q.w..e_r.New York:The Blakiston Co.

Jessup, Philip.
1 957 .8.t.Qm-s..f.QI.g.QY/~.r• New Yor k :

American Assembly.

Jorgenson, Dale, and Edward Hudson.
1974 "U.S. Energy policy and Economic Growth 1975-

200 0 •" Bell .!l.QJJ.rDgl .QI. .E£.QD.QilllQ.Q5, no. 2.



448

Jorgenson, Dale
1977

and Kenneth Hoffman
"Economic and Technological Hodels for
Evaluation of Energy Policy." Bell Journal
Q..f. .E..QQ.nQID.i..QJ28, no. 2.

Kaku, Michio and Jennifer Trainer.
1982 Nuclear EQ.~ ~ Sides. New York: W.W.

Norton and Company.

Kamien, Morton and Nancy Schwartz.
1982 ll~~~~ ~~~~..Q~~~~ ~.n~ ~.n.nQy~~lQ.n.

New Yor k: Cambr idge Uni versi ty Pr esse

Kapfer er,
1980

Norbert.
"Commodity Science and Technology: A
cr i tique of Sohn-Reth el." In Outl ines of ~
Critique of Technology. See Slater.

Kea ting,
-, 1975

William
"Politics, Energy and the Environment: The
Role of Technology Assessment." h.ffi~~l..Q~.n
a~b~Y1oral Scientist 19, no 1.

Komanoff,Charles.
1972 The price Qf Poli.§.ll. Electric utilities and

~n~ .E.nyl~Q.n.ffi~.n~. New York: Council on
Economic Priorities. //

EQ~~~ El~.n~ E~~..f.Q~ID~.n..Q~· New York:
Council on Economic Priorities.

1976

1978 "A Comparison of Nuclear and Coal Costs."
Testimony before the State of New Jersey
Board of Public utilities. 10/9/78.

1980 "Power Propoganda: A Critique of the Atomic
Industrial Forum's Nuclear and Coal power
Cost Data for 1978." New York:
Environmental Action Foundation.

1981 EQ~~~ El~D~ ~QJ2~ .EJ2..Q~l~~lQ.n~ ~~..Q~~~ ~.ng
~Q~l ~~El~~l ~QJ2~J2~ B&~~l~~lQ.n ~.ng.E..Q.QDQID1..QJ2.New Yor k: Koman of f Ene r gy
Associates.



-----,-~-_ .. ~._----------------------_._--

449

Komanoff, Charles and Irvin Bupp.
1983 "Prometheus Bound: Nuclear Pow e r at the

Turning Point." Cambridge, MA: Cambridge
Energy Research Associates.

Komanoff,Charles.
1984a "Assessing the High Costs of New U.S.

Nuclear Power Plants." Paper presented at
the 7th Annual National Conference of
Regulatory Attorneys, 6/84. New York:
Komanoff Energy Associates.

1984b

Krugman, Paul.
1983

Kuhn,J ames.
1966

Kuhn, Thomas.
1970

Lanoue, Ron.
1976

Lewis, Richard •
1972

Lilienthal,
1953

1963

"Testimony before the Washington Utilities
and Transportation Commission." Photocopy
New York: Komanoff Energy Associates.

"New Theories of Trade Among Industrial
Co un t r i e s, " A.m~.hi..Q.Q,.n..t!..QQ.nQ.mi..Q.R~Yi~.N 73 ,
no. 2.

~..Qi~ntifi..Q .Q,.ngM.Q,.n.Q,£~Ii.Q,~~.Q,.nUQ~~I in
n~..Q~~.Q,.h ~.ng~~~.hY. New York: Columbia
Uni ver si ty Pr es s,

~n& St.huc~ure Qt g..Qi~ntiii..Q B~YQ~~iQ.n~
[1962J 2nd. ed. Chicago: University of
Chicago Press.

BQ..Q~.Q,.h~~.Q,.n~RL~h~ NQ.h~ ~h~y ~~i~ ~h~
NQre Yo~ ~y. Washington, D.C.: Center for
the Study of Responsive Law.

.'I'he Nu..Q~.Q,.h~Q~~.h .R~.Q~..lliQ.nL ~ i tiz ens Ylh
the Ato.m.!..QEstablishment. New York: Viking
Press.

David.
~ Business: A Ne~ Era. New Yor k: Harpe r,

Change, B~ and the BOND. Princeton, NJ:
Princeton University Press •

.'I'.h~ .JQlli.ngil Qt .!dgYig b-Lilign t.h.Q,l~ YQ.h ~
The Atomic Energy Years 1945-1950.
New York: Harper and Row.



Lindberg,
1977

Leon.

450

~b~ ~n~Xg~ ~~ngXQID~.Lexington,
Lexington Books.

HA:

Ar t.nur D."competition in the Nuclear power Supply
Industry." Report to the U.S. Atomic
Energy commission and U.S. Department of
Justice. Washington: GPO

Li ttle,
1968

1973

Lonnroth, Hans
1982

----1983

Lovins, Amory.
1977

Lov ins,
1982

Amory

Manne, Alan.'
1976

"A Study of Base Load Al t erna ti ve s f o r th e
Northeast utilities system: 1981-1984."

and William Walker.
"The Viability of the Civilian Nuclear
Industry." In Norlg ,Nucle.ar ~~J:gy.l. TOj'J.arg
b Bargain of ~onfidence. See Smart.

Jg.JJ.Ql~QJ: .£QN~.r ..s.tJ:JJgg.l~R.l. .I11.Q.JJR.tJ:j. £1
~QmQ~.ti.tiQD QIlg .£.rQlii~.rQ.tiQI1 ~QIl.t.rQl.
Boston: George Allen and Unwin.

Sof.t ~nergy pathRl TOYigJ:.Qg Durg.b.l~ Pe.ace.
Cambridge, ~ffi: Ballinger.

and Hunter Lovins.
Brittle iQ~ Energy
..s~~.JJ.r..i.ty. Andover
publ i shing Co.

strategy fQ.r NatiQnQ.1
HA: Brick House

"ETA: a model for Energy Technology
As se s sme n t ;" ~~.l.l J"Q.JJ.rIlQ.lQ.I..&.QQI1Qmi.Q.Q7,
no. 2.

Mansfield, Ediwn.1968a ~~.QhI1Q1Q9j..Qgl ~bgIl9~~ New York:
W.W. Norton.

1968b

g &UK

~b~ Econom.i.QR Qf Te.Q]:1.DQ1ggical ~.9.ng~..L New
York: W.W. Norton.

j UAL.': U )$.



451

1968c ~llg~~~~lgl B~~~g~~n gl1g ~~~nllQ1Q9i~gl
Innoyation = An Econometric Analysis. New
Yor k, W.W. Nor ton.

1975 "Firm Size and Technological Change in the
Petr oleum and Bituminous Coal Industries."
In ~IDpetition in th~ ~ Energy Industry.
See Duchesneau.

Marglin,
1975

Stephen.
"What Do Bossess Do? The Origins and
Functions of Hierarchy in Capitalist
Production." R~.vi~.\iQ.f BggiQg..l.gQli~i~g..l.
..&:.QQllQID.Y6, no. 2.

Hason, Edward.
1957 ~.QQllQ.IDi~~Qn.Q~n~~g~.iQll gl1g ~n~ MQllQPQ1.Y

Problem. Cambridge, MA: Harvard University
Press.

McCamy, James.
1960 Science and gublic ~IDinistration.

University of Alabama Press.

Hedvin, Norman.
1974 The ..&:.n~~.g.Y~g~~~l..t linQ B~n~ ~.b~ Am~r i~g.n

Oil Industry. New York: Vintage.

Hessing, Narc,
1979

H Paul Friesema and David Horell.
Centralized gg~ The golitics of Scale in
..Eil.Q~..Li~i~.Y ~ll~.rg~.iQ.n. Cam brid ge , HA:
Oelgeschlager, Gunn and Hai~

Metcalf, Lee and Vic Reinerner.
1967 Qyercharge. New Yor k: Dav id r''lcKay

Company Inc.

Metzger, H.
1972

Peter.
The Atom~ Establishment. New York: Simon
and Schuster.

Hiller,
1976

Saunders and Craig Severance.
~b~ ..&:.QQnQm.i.Q~Q.f ~~.Ql~~x ~l1g ~Q~..l.gQ~~~.
New York: Praeger Publishers.

Nirowski,
1981

Philip.
"Is There a Mathematical Neoinstitutionalist
Economics?" Journal of Econom.i.g Issues 15,
no. 3.



452

Hoore, Thomas.
1978. ~~gniMID ~ll~igtID~n1 gll~ RMQlig RQligy.

Washington, D.C.: American Enterprise
Insti tut e for Publ ic Pol icy Research.

Horgan, Karl.
1978 "Cancer and Low Level Ioniz ing Radi ation."

Bulletin Qf Atomic Scientists 34, no. 7.

t-lorgan,
1977

Richard.
Nuclear RQ~ The
washington, D.C.:
Foundation.

Bargain ~~ Can't Afford.
Environmental Action

Mooz, William.
1978 ~ Analysis Q.f Light ,Nater Reactor Po~

~lgll~. Rand R-2304-DOE. Santa Monica,
CA: Rand Corporation.

h 12~gQll~ -CQ.Q1bllglY.§i.Q Qi .1i.gt1 ~g1~~
B~gg1or ~Qli~~ Rlgll1~ Rand R-2504-RC.
Santa Monica, CA: Rand Corporation.

<, 1979

Hueller,
1969

Dennis, and John Tilton.
"Research and Development Costs as a
Barrier to Entry." ~gllg~ign ~QM~llgl Qf
~gQllQIDj,g.Q2, no. 4.

, 1

Philip.
Ciyilign Nuclear Po~ Economic Issues and

~ Policy .f.Q.h.mation. philadelphia: Twentieth
Century Fund.

Mullenbach,
1963

Mulholland,
1979 '

Joseph, John Haring and Steve Martin.
Staff Report on gn Analysis Qf ~mpetitive
121~Mg1M~~ ill 1t~ ~~anllID 12MPplY .IndMst~Y-o-
Federal Trade Commission, Bureau of
Economics. washington: GPO.

Nader, Ralph and John Abbotts.
1979 The Menace of Atomig Energy. New York:

w. W. Norton.

Nash, Hugh, e d,
1979 ~t~ ~n~~.gy ~Qll1~QY~~.QY~ 12Qf1 Rg1t

~M~.s..tio.n.Q g.n~ b.n.Qli~il. San Francisco:
Friends of the Earth.



453

National Academy of Sciences. Committee on Nuclear and
Al ternati ve Energy Systems.
1979 ~n~~gy ~D ~~£n~i~iQD liai=~Q1Q.

San Francisco: W. H. Freeman and Co.

Nau, Henry.
1974 Bg~iQDg~ EQ~i~iQ~ gDQ ~D~~~Dg~iQDgl

~~QhDQ~Q9Y. Baltimore: Johns Hopkins
Uni versi ty Press.

Nawab, Syed.
1980 "Nuclear Export Financing: The Role of the

Export-Import Bank of the United States."
Photoco py. Uni ver si ty of Hawai i at r-Ianoa
East-West Center.

Nehrt, Lee.
1966 .In~~~na~.iQllg~ Hg~.k~~ing Qt .N.YQilar PoYl~~

ElgD~~. Bloomington: Indiana University
Press.

Nelkin,
1971

Dorothy.
Nuclear Po~ and Its
Lgk~ ~QD~~QY~~~Y.
Uni versi ty Press.

Crj.ticsi The ~uga
Ithaca: Cornell

Nelson, Richard.
1959 "The Simple Economics of Basic Scientific

Research." Journal of Political Economy 67,
no. 3.

Nelson, Richard and George Eads.
1971 "Government Support of Advanced Civilian

Technology: Power Reactors and the
,Supersonic Transport.1I E.YbliQ E.QliQY 19,
no. 3.

Nelson, Richard and Sidney Winter.
1977 "In Search of a Useful Theory of Innovation."

Research Policy 6: 36-76.

Norris, Keith and John Vaizey.
197 3 ~~ J:;Q.Qn.QIDiQ~Q.f .B~~~£~Qh gnd TeQ.nnoil.gy.

London: George Allen & Unwin LTD.

Okrent, David.
1 9 81 B.YQ~~a r .B~gQ~Q~~g.f~.tYi. .QI! ~.h~ Hi s~Q~y Qi.

the Regulatory process. Madison: University
of Wisconsin Press.

L3 iE, ..~1 22 ·4wei;TdZL $



454

Olson, McKinley.
1976 ~ngQQ~E~gbl~ Bi~k~ ~n~ n~Ql~gk gQ~~k

Controversy. New York: Bantam Books.
Orlans, Harold.
196 7 ~QD~kgQ.ti.n.g iQk A~Q.m~. vvash ingt on, D.C.,

The Brookings Institution.
Paley
1952

Commis si on.
"Resources for Freedom." See
l-iaterials Policy Commission.
GPO.

President's
Washington:

Pawlick, Thomas.
1980 "The Silent Toll." Harro~ID.i..th 4, no. 28.

Pector, Jeff.
1978 "The Nuclear Power Industry and the Anti-

Nuclear Movemen~" Socialist Review. No. 42
Per ry, Har 01 d.
1973

Energy Research and Development = Problems
M,Q tlQ~cts. See U.S. Congress. Sena teo
Committee on Interior and Insular Affairs
1973.

Per ry, Robert.
1977

D~~lo~.m~D~ gDg £Q.m.m~kQig~jza~iQDQi ~b~
.1i.gb..t .Ng.t~k .R~gQ.tQL- U.4.Q.=.lilh Rand, R-
2180-NSF. Santa Monica, CA: Rand
Corporation.

Pollard, Robert, ed.
1979 \ The Nugget~. Cambr idge, MA: Union of

Concerned Scientists.

Price, Jerome.
1982

.T1l§ An.t.i.n~Qilgk l1.Qve.ID~ Boston: Twayne
Publishers.

Pr imack,
1974

Joel and Frank von Hippel.
M.Y~~ gD,Q rLi~~~D~~ .Q.Qi~D~ig~ in ~.b.e
Political Arena. New York: Basic Books.

Quirk, James
1978 and W. David Montgomery.

"Cost Escalation in Nuclear Power." EQL
Hemo. No. 21. Pasadena, CA: Environmental
Quality Laboratory.



/ 455

Quirk, James, H Stuart Burness and W David Montgomery.
1980 liThe Turnkey Era in Nuclear power." Land

Economics 56, no. 2.

1980 "Capi tal Con tr acti ng and th e Regula ted
Firm." American Economic Revie,Yl 70, no. 3.

Reece,
1979

Ray.
The Sun Betrayed. Boston: South end Press.

Reinf elder,
1980

Monika.
"Introduction." In Qutlines Q.f g .c.I.i.ti~
Qf Technology. See Slater.

Resnikoff,
1983

Harvin.
The Next Nuclear ~mble:· Transportation and
~.tQ.I.gS~ Qt ~gQl~g.I. ~g~.t~. New York:
Council on Economic Prioritie~

I

Roberts,
1976

Allen.
liThe Politics of Nuclear power."
No. 41.

Rolph,
1977

El izabeth.
.R~gl£.ti.Qll Q.f ~.!JQ~~g.I. P0 .N~.I.":"l'he ~~ Q.f
.th~ Lish.t Ng.t~.I.B~gQ.tQ.I.L Rand, R-2104.
Santa Monica, CA: Rand Corporation.

~.!JQ~~g.I. ~Q,Yl~.I.gn~ .th~ ~.!JQ~iQ ~gI~.ty.
Lexington: MA: Lexington Books.

\

1979

Rosenberg,
1972

Nathan.
Technology and hmerican EconomiQ Growth.
White plains, NY: H.E. Sharpe.

Perspecti~~ Qll 1'~Qh.nQ~.gy.
Cambridge Universi ty Press.

New York:1976a

1976b "t-1arx as a Student of Technology."
Honthly Review (July-August 1976).

Rothwell,
1980

Geoffrey.
"Market Coordination by the Uranium Oxide
Industry." The Anti trust Bulletin (Spring
1980) •



456

Salomon
1979

Brothers.
"Electric Utility Common Stock l1arket
Data." December 4, 1979. New York:
Salomon Brothers.

Samuels,
1980

Warren.
"Information Systems,
Economy in the JEI."
Issues 12, no. 1.

Preferences, and the
~Q~~n~l Qt ~~QnQIDic

1977 "Technology Vis-a-Vis Institutions in the
JEI: A Suggested Interpretation." Journal
Qf Economic Issues 11, no. 4.

Scherer,
1970

Frederic.
.r~.tll~l .M~.£k~.t St r uc t uxe ~n d ~~ n0.illi c
~~.£iQ.£IDn~~. Chicago: Rand I1cNally &
Company.

..",

Schmookl er, Jacob. "
1966 Invention and Economic ~wth.

Cambridge, ~ffi: Harvard University Press.

Schumpeter, Joseph.
1 942 ~~J2 i t~li.QID.L .sQ~.i~li..Q.ill .,gng.Q~.illQ~.£g cz- 3 r d

ed, 1962. New York: Harper and Row.

Schurr, Sam, Joel Darmstadter, Harry Perry, William Ramsay
& Milton Russell.
1979 ~~I9Y .in AID~.£i.~a's E~.t~.£~l ~~ ~oi~~.Q

~~iQ.£~ J1h Ba1tim 0 r e : J 0h n s Hop kin s
University Press.

Slater, Phil.
1980 . Q~.tlin~.Q QL ~ ~.£i..ti.Q~~ Qt ~~~hnQ1Q9Y·

Atlantic Highlands, NJ: Humanities Press.

Smart,
1982

Ian, ed.
X!orld Nuclear
~Qnii.g~n~Jh.
Press~

Energy: Toward ~ Bar~in Qf
Baltimore: Johns Hopkins

Sneddon, James.
1974 "Nuclear Webb Series".

Times. 12/23-31/1974.



Sommers, Paul.
1978

1980

Sternglass,
1981

Stewart, Hugh.
1981

Stobaugh,
1979

457

"The Diffusion of Nuclear Power Generation
in the United States." Ph.D. diss., Yale
Uni versi ty.

"The Adoption of Nuclear Power Generation."
Bell Journal of Economcs 11, no. 1.

Ernest.
Secret Fallout. New York: McGraw Hill.

~~g~it~ongl ~n~~EY ~QliQY.
Pergamon.

New York:

Robert and Daniel Yergin, eds.
Energy Future: Report Qf the Energy Project
at the Harvard Business School. New York:
Random House.

Stoller
1982

Corpora ti on,
.NJ1Ql~g~ -S.!!p121y .InUg s t~J1Qj;lli~ Yig..Qilij;y
12j;J1g~ Ar go nne, I L : Ar go nne Nat ion a1
Laboratory.

Stone, Kathy.
1975

Stonebraker,
1976

"The Origins of Job Structure in the Steel
Industry." .B~.Yi~.iiQ.f RagiQgl ~Qlij;iQgl
~QQ.nQIDY6, no. 2.

Robert.
"Gorporate Profits and the Risk of Entry."
.B~vie.ii Q.f ~~onomiQ~ ang 12j;ati~j;ic~ 58,
no. 1.

Strauss, Lewi s,
1962 ~~n g.ng ~~Qi~iQn~.

Doubleday.

Sugg, Redding,
1957

SuI tan, Ral ph.
1974

Garden City, NY:

ed •
.NJ1Qlear ~Q.Yl~~ in j;.h~ 12QJ1j;.h. Baton Rouge:
Louisiana State University Press.

Pr i...Q.i.ngin ~ Electr ical Oligopoly, Y..Ql.....
1....... ..cQm12~j;i tiQ.n Q~ .,CQll.JJ~i.Q.n. Camb rid g e ,
NA: Harvard University Press.



458

SuItan, Ralph.
1975 .E.IiQ..ing.in .tb~ .El~Q.triQ.al .QligQJ2Q.lY-t-YoLI.

~~~ ~~§lll~§§ Q.t.Ig.t~gy. Cambridge, MA:
Harvard Universi ty Press.

Taylor, June and Michael Yokell.
1979 X~l.lQ~cat~~ ~b~ ~.t~.In.a.tlQng.l~ran~ID

Cartel. New York: Pergamon Press.
Taylor, Vince.
1979 ~.Ig~ ~b~ .Eg§y R.a.tb. Cambridge, MA:

Union of Concerned Scientists.
Teitelbaum,
1958

Perry.
Productive ~ Qf Nuclear .Ener.9Y~
Qll M~.Ql~gL .En~.Igy gDQ .tt~ ~
.EQQllQIDYL l~~~=l~a~. Washington,
National Planning Associatio~

D. C. :

Thomas, Morgan.
1956 htoID1Q .Ell~.I9ygDg ~n.9.I~§§.

University of Nichigan Press.
Ann Arbo r:

Tybout, Richard.
1957 liThe Economics of Nuclear Power."

American Economic Revie~ 47, no. 1.

1960 ~~ EeactQ.I E~J2J2.ly~.ng~§.try. Columbus,
Ohio: Bureau of Business Research, Ohio
State.

Til ton, John.
1974 U.S........Ell~.I.9Y.R&D RQliQY. Wash ingt on, D.C.:

Resources for the Future.
\Union of Concerned Scientists.

197 5 ~b~ Mucilg.I .£.!!~l .cY.Qil~h Q~.IY&Y Q.f .tb~
Public Health. Environmental, and National
Q~~..i.ty .E.filQ.t§Q.f~UCilgI PO~~.I.[1974]
Rev. ed, Cambridge, MA: MIT Press.

U.S. Atom ic Energy Commission (AEC).
1953a Semiannual Report to Congress Q.f the AtomiQ

Energy'Commission No. 11. Washington: GPO.

Semiannual Report to Congress Qf .tb~ Atomic
Energy ,CQmmission No. li.. Washington: GPO.

1953b



459

1954a .s~IDig.D.IUJ..9J._R~.P.Q.I.tto ~J:"J;~ of .th_e Atorni~
Energy ~mIDi~sion ~ ~ Washington: GPO•

1954b .sJ;JTlignnuaj. Re.P.Q.I.t to ..cong..r~ss of .thJ; At.9.!Ri~
Energy ~ID1Dlisil,W No. l.h Washington: GPO•

1955a .s~IDignnua..l BJ;.20r.t to Congress of .t..hJ; htoITl.i~
En~ ~ornrnission No. ~ Washington: GPO.

1959 ~iYiligll B~g~tg~ E~g9~gID~ TID8517.
Washington: GPO.

1962 ~iYilig.n .N.1!~lJ;g~ Eg.h'~_LL 12 B~.2g~.t tg t.b~
~esident-1962. Washington: GPO.

1966 ~.b~ .Nucl~AX ~n~.1!§.t~y l~6~ WASH 1174-66.
Washington: GPO.

{:iyilig.n l~uclear PoweLL .Tb~ li.Ql Supplement
1,.9 .t~ li62_ .B~.2g.£.t 1,.9 1,h e 1>r e.si.Q~nh In
.NUclear EQ.h'er Economics ~.2.. thJ;ough ll.61.
See U.S. Congress. JCAE 1968 •

1967b .T.b~ .N.1!..QilAJ;lnd.1!§.txy rssz, vlASH 1174-67.
Washington: GPO.

1968a ~~X~n.t .s.tg.t.1!~ Ang E.1!.t.1!X~.T~..Qbni..Q~l gnd
Econorn~ Potential of Light ~ater Reactors.
WASH 1082. ~'lashington: GPO•

1968b .T.b~ .NUclear Industry ll.6~ WASH1174-68.
Washington: GPO.

1969a ~.Q§t-B~ll~£i.t 12nA1Y~i§ g1 .tbJ; ~ B~~~g~~
.B~A..Q.tQ.£1>.£Q9.I:A~ WASH 1126. Washington:
GPO•

1969b .T.b~ Nuclear lndustry ll.6~ WASH-1174-69.
Washington: GPO.



____ " .
1970a

-----,1970b
I

I

-----,1971a

1971b

1972a

1972b

1972c

-----,1972d

____ "
1973a

1973b

____ "
1974a

460

~ ren d s .in ..the .cQ..s..t Q.f L..i.gh..t.N£!..t~.£.B~£!.Q..t0 r
RQ~~.£ Riln..t..sf01'. .1!..t.ili..t.i~.s.,..WAS H 1150,
Washington: GPO,

The Nuclear Industry l~, WASH 1174-70,
Washington: GPO.

Reactor ~ Cycle Costs iQ.r Nuclear Power
Evaluation. WASH 1099. washington: GPO.

The Nuclear Industry~. WASH 1174-71.
Washington: GPO.

Updated (1970) Cost-Benefit Analysis Q.f the
u,a, ~re~.Q~.£ .B~ac..tQ.£ R.£Q.91'.£!!D...L WAS H 1184.
Washington: GPO.

~~~~.£i~.Q .N£!..t~.£Reactor Plant; 1000-MWe
.c~ntral ~..t£!..tiQll RQ~~.£ R~n..t..Q~llyestID~..t
Study. WASH 1230 Vol. 1. Wash ington: GPO.

~Qi~~in.g .Nat~.£ .B~£!ctQ.£ R~g nt..i...100 0- f,1 W e
.c~ll..t.££!l~..tation RQ~~.£ ~an..t~ ~n~..tIDen..t
-CQs..t Study. WASH 1230 Vol. 2. Washington:
GPO.

\Nuclear Po~ 1973-2000. WASH 1139 (72).
washington: GPO,

~.h~ Na..tiQ n I s i;ll~.£.9Y.E~..t~il. WAS H 1 281 •
Washington: GPO,

The Nuclear industry~. WASH 1174-73,
washington: GPO.

Nuclear Ro~ ~li..thL 1974-2000. WASH 1139
(74), Washington: GPO. '



461

1974b P0li~.t:El£!.n.t.c£!12ll£!l.cQ§ ts .c.Y.t:.t:~.il..t.'r renda
£!.ildSen~i..tiYi..ty ..tQ ~~Q.ilQmi~ ~.t:£!m~..t~.t:~
WASH 1345. Washington: GPO.

1974c The Nuclear Industry 1974. WASH 1174-74.
Washington: GPO.

1974d hnnual B~port ..tQ .cQn£.t:~~ QL ~b~ h..tQIDi~
Energy ~mmission, 1974. Washington: GPO.

U.S. Congr es s, Joint Committee on Atom ic Energy (JCAE).
1952 h..tQmi~ EQli~.t: £!n~ ~.t:iy£!..t~~.il..t~~12.t:i§~.

Repor~ 82nd Cong., 2nd sess. Washington:
GPO.

1 95 5 He£!.t:.ing..s.Q.ll..tb~ ld~~lQ12m~.ilh ~ r0li..tb£!.ilg
State of the Atomic Energy Industry. 84th
Congo 1st sess. Washington: GPO.

1956a He£!.t:in£..s.QD ..tb~ ld~~lQ12IDent, ~~li..tb £!Dg
State Qf the Atomic Energy Industry. 84th
Cong., 2nd sess. Wash ington: GPO.

1956b Peaceful Uses QL Ato~ Energy: Background
.M£!..t~rial fo.t:..tb~B~12Q.t:..tQ.f ..theE£!nel on ..tb..e
~ID12£!~..tQL ..tb~ E~£!~~.f.Yl ~..s.~§QL h..tQIDi~
~.il~.t:£y. Volume 2. 84th Congo 2nd sess.
Washington: GPO.

1956c Hea.rin£§ Q.il hcc~l~.t:£!..ti.n£..t.h~ .ciYili£!.il
B~£!~..tQ.t:~.t:Q£.t:~m~ 84th Congo 2nd sess.
Washington: GPO.

1957 Hearings QD the Deyelopment, ~~ ~ State
Q.f ..tM A..tQmi~ ~.il~.t:£y.l.il~JJ§..t.t:Y.a.85 th Congo
1st sess. Washington: GPO.

1958a Hearings QD ~ Deylopment, ~wth and State
Q.f ..tb~h..tQmi~ ~.il~.t:£y~n~.Y§..t.t:Y.a.85 th Con g •
2nd se s s, Washington: GPO.



462

1958b ~QmID~D~~ Q£ B~~g~QL D~~igD~L~ ~D~
Industrial Representatives on the proposed
~~~~~ ~iyilign~~g~~L gQ~~L gLQg~illi
Committee Print. 85th Conq,, 2nd sess,
Washington: GPO.

----_.
1959 .H~~L.in.g~QD .t~ De~lQ12m~llh ~ro~~.h ~.n~

State of the Atomjg Energy Industry. 86th
Cong., 1st sess, Washington: GPO.

1960a Hearing~ QD ~ D~~lQ12ID~.nh ~LQ~~b ~~
State Qf the Atomic Energy Industry. 86th
Con g., 2nd sess.

1961a He~Ll..n.g~QD .t~ D~~lQ12ID~nt, ~~~b ~nd
State Qf the Atomic Energy Industry. 87th
Cong. 1st sess. Washington: GPO.

1963a He~LiDg~ QD .t~ D~~lQ12m~.nh ~LQ~~ and
State of the Atomjg Energy Industry. 88th
Cong., 1st sess, Washington: GPO.

1963b Chemical Reprocessing Plant, Hearings. 88th
Cong., 1st sess. Washington: GPO.

1963c Cooperali~ PO~~L Re~g~QL Demonstration
\~gram ll2.4 .H~~L.ing~. 88 th Cong., 1st
sess. Washington: GPO.

1964 ~~Li.ng~ Qll .tb~ D~~lQ12ID~.nh ~~~.h ~
State of the Atomic Energy Industry. 88th
Cong., 2nd sess. Washington: GPO.

1968 Nug~~L gQ~~L ~gQ.nQID~ = ~~ throug.h
l..2.2.2. Rep 0 rt. 90 th Con g. , 2n d se sS.
Washington: GPO.

1973 Nuclear Reactor Safety, Hearings. Part 1.
93rd Cong., 1st sess. Washington: GPO.



463

1974 ~.!J..Ql~g.I B~g..Q.tQ.I .s..a.f~.t~ H~..a]:".ing~ Pa r t 2
vols. 1&2. 93rd. Cong., 2nd. sess.
Hashington: GPO.

-----197 6 -l.ny~.§.ti.g..ai.iQ.n Qf .c.bgj;g~.§ B~l..ai.iDg iQ
~.!J..Qilg.£ .B~1!.~iQ.r .Qg.f~i~ B~1!.ring.h vo 1 s.
1&2. 94th Cong., 2nd sess. Washington: GPO.

U.S. Congress. Hous~ Committee on Foreign Affairs.
1972 i:oIDID~.I..Q.i1l1.Nucl~gr EQ~~.I iD .EJJ..IQP~-i-j'.h~

-lDi~.rg..Qi.i.QD Q.f bID~.ri..Qgn ~iplQIDacy ~.i.th 1l
jg~~ .1'~~.bnQ1Q9Y. Cornmit tee Pr i n t. 92 n d
Cong., 2nd sess. Washington: GPO.

U.S. Congress. House. Committee on Government Operations.
1977 Nuclear £.Qwer Costs1 Hearings. Parts 1 and

2. 95th Cong., 1st sess. Washington: GPO.

1978 ~JJ...Qle1!.IEQ~~.r .cQ~is,R~PQ.£i. Repor t # 95-
1090. 95th Cong., 2nd sess. Washington: GPO.

U.S. Congress. House. Committee on Interior and Insular
Affairs.
1975 Qy~~.§igbi H~~rj.ng.§ QD .NJJ...Ql~g.r ~.n~.Igy =

Qve.£yi~~ Ql ihe ~gjQ.r -l~'§.!Jes. 94th Cong.,·
1st sess. Washington: GPO•

.Qy~rsig_hi QD ERDA's ~ Qf ~.h~dding LLg..h~
~1!IDPh~~ B~g.riD~ 94th Cong., 2nd sess.

,washington: GPO.

1976

1979 QY~I.§igbi H~..arjn9~ Qn .NJJ...Ql~g];~~Q.nQrnj..Q'§.
96th Cong., 1st sess. washington: GPO.

U.S. Congress.
Astronautics.
1972

House. Committee on Science and

~-9.Y Resea.rch and De.Y~lQPment, Heaj;i..ll.9Jh.
92nd Cong., 2nd sess. washington: GPO.

U.S. Congr esse Off ice of Technology Assessm ent.
1978 Appl ication Q.f Solar Technology to Today's

.E~y Needs.. Washington: GPO.

1981 Bll~lea.I .I:l1lm Standa.rdizg.tiQ.ll-i- ltLgbi
Water Reactors. Washington: GPO.



464

1984 Nucleax PO}l~ in .fill Age Q.f Uncertai~
Washington: GPO.

1985 Manag.i.n.g th~ Nation's ~IDID~..r.Qi-al Hisb=.L~.:Lel
Radioactive ~astel Washington: GPO.

u.s. Congress.
Urban Affairs.
1976

Senate Committee on Banking, Housing, and

.Energy Independence Authorj...t.y Act of 19.15..,
Hearings. 94th Cong., 2nd sess. Washington
GPO.

u.s. Congress. Senate. Committee on Energy and Natural
Resources.
1 97 7 .E~.tJ;:Ql~J.!ID .IDQ.!JJ2.tJ;:Y .IDYQ.1Y~ID~D.t iD

Al ternati ve Sources of Energy, Committee
Print. 95th Cong., 1st sess. Washington:
GPO.

u.S. Congr esse
Affairs.
1972

Senate. Committee on Interior and Insular

~D~J;:9Y B~J2~gJ;:Qb .EQliQY A.1.t~XDg.t.iY~~
.H~ g J;:i n9 .12...... 9 2 n d Con g • , 2 n d s e s s •
Washington: GPO.

1973 Energy Besearch and Deve~Ql2ID~nt =- Probl~IDJ2
gDg ~J;:QJ212~ctJ2. Committee Print. 93rd
Cong., 1 st se s s, Wash ington: GPO.

1974 ~X~Y .EQliQY Pa12~J;:J2...0..Committee Print.
93rd Cong., 2nd sess. Washington: GPO.

u.s. Congress. Senate. Committee on the Judiciary.
1970 Competitive Aspects of thg Energy Industry~

Hear.i.n.g..s...-- Parts 1 & 2. 9lst Con q; , 2nd
sess. Washington: GPO.

1977 Energy Industry .!:&IDpeti tiQD and Dev~me.n.t
AQ.t Qi. tilL.. .H~gJ;:iD.9~_ 95th Con g., 1 s t
sess. Washington: GPO.

1978 B.QJ;:iZQD.tgl .Q.iY~J2.t.i.tJ.!..r~ .H~lu.iD9J2...0..95th
Cong., 2nd sess. Washington: GPO.



465

u.s. Council on Environmental Quali ty.
1 97 8 ..sQ~.fU;: J;;.n~.£.9Y.E.£Q.9.£~J2..Qgll..d .E.£QID.i.s~.

Washington: GPO.
U.S. Department of Energy. Energy Information
Administration.
10/ 79 j'g~QllQIDY Q.f .t;ll~.£.9Yl'g~~Jh DO E- E IA

0201/7. Washington: GPO.

1/80 Selected .Federal Tax and Non-Tax Subsidies
fo.£ J;;ll~~Y ~J2~ gll..d ~.£Q~~~.ion. DOE-EIA
0201/6. Washington: GPO.
Nuclear EQ~ Regulation. DOE-EIA 0201/10.
Washington: GPO.

5/80

9/80 J;;.n~.£.9YT a xa t..i...Qll.l..All hllg~YJ2is Q.f Seil ct~..d
Taxes. DOE-EIA 0201/14. Washington: GPO.

2/81 Federal Support ..f.Q.£ Nuclear Po~ Reactor
D~..Q.i.9llgll..d ~.h~ .E1!~1 .cY~.l~. DOE - E IA
0201/13. Washington: GPO.

2/82 l.lll.. Allll1!g~ .E~.2Q.£~ ..tQ.c0n.9.£~..QJhVol s. 1
and 3. DOE-EIA 0173 (81)/13. Washington:GPO.

8/82 Projected Costs Q.f Electricity i.£Qm Nuclear
an..Q-CQg.l~.i.£~ ~~gnt.h Vol. 1. DOE-EIA
0356/1. Washington: GPO.

11/82 Proj ected Costs Q.f Electr ici ty from Nuclear
gll..d .cQgl=.E.i.£~..QgQ~~.£ .Elgll~Jh Vol. 2.DOE-EIA 0356/2.

1.~2. A.nll.J.@~.t;~.£.9Y.E~ll~.Yl.L DO E- EIA 0 3 84
(82). Washington: GPO.

5/83 ~orld Uranium Supply and Demand: Impact Q.f
.E~..d~.£gl .EQ1.i~.i~§L DOE-EIA 0387.
Washington: GPO.



466

11/83 -C.QmIDercial Nuclear E.Q~ Prospects .fM the
.!J.Di,ted States and the World. DOE-EIA 0438.
Washington: GPO.

5/84 Annual Energy Outlook ll1U....
(83) Washington: GPO.

DOE-EIA 0383

4/85 11nnu al J;;.n.tl.9y .B.§yi.§~ li!th DOE- EI A 03 84
(84). Washington: GPO.

U.S. Department of Energy. Interagency Review Group on
Nuclear Waste Management.
1978 "Draft report to the President of the

Interagency Review Group on Nuclear Waste
Management. "

U.S. Executive
Group.
1964

Office of the President. Energy Study

J;;n.§~gy .B~D gng Bg~iQngl R~Q9~~££.
Washington: GPO. Al so ref eren ced under
authorship of Ali Cambel.

U.S. Executive Office of the President.
f>laterials Policy Commission.
1952 Resources ~ Freedom.

the Paley Commission.

. The President's

Also referenced
Washington: GPO.

as

U.S. Federal Power Commission.
1958-1975 Steam-Electri..Q ~.l.gn~ .cQn£~ru..Q~io.n gn.Q

Annual R~odu..Q~jQn ~E.§n~. Washington:
GPO. Same title published by the
\ Department of Energy- Energy Information
Administration: 1975-presen~

U.S. General Accounting Office.
197 9 BJ.!..Ql.§g~ RQ~'§~ .cQ.s~£ gD.Q J2J.!ll.Q.,igi.§..Q......

Washington: GPO.

U.S. Nati onal Sci ence Founda ti on (NSF).
Research and Development in Industry.
(1958,1963,1967,1969). Washington: GPO.

3/79 Science Indicators l2.1li. Washington: GPO.

1982 National Patterns Qf Science and Technology
Resources~. Washington: GPO.



467

U.S. Nuclear Regulatory Commission.
2/79 .!.!.a.S.... l'lucil£u .R~.91!lg1oQ.ry-CQ1JlIDi.12.12.iQ.llhnn1!gl

Report 1978. Washington: GPO
10/79 .stai.fB~l?QI1o .tQ .t.b~ Pr~side.Dt's -CQIDIDissiQ.D

Q.ll 1ob~ h~~i~~n1o g10 ~b~~~ Mil~ ~.121gDQ....
Parts also cited separately: see Gorinson.

1980 Tr~atIDent Qf InflgtiQ.D ..iJ1 th~ I@.Y~l.Ql2I!Lentof
Discount Rates and Levelized .c~ ..iJ1 NEPA
hngly.Q~..Q .fQ~ 1o.b~ .El~.Q1o.ri~ lLtili10Y
~stry. NUREG 0607. Washington: GPO.

3/81 .!.!.a.S..a. l'l1!~l~g.r .B~.91!lg1oQ~y-CQIDIDi.Q.12ion hnn1!gJ
Report 1980. Washington: GPO •

1983 .Th~ Price Ande.rson Act = Th~ .Third Decade..L
NUREG 0957. Washington: GPO.

6/85 u,a, Nuclear .B~1!lgtory -CQIDmission Annual
Report 1984. Washington: GPO.

U.S. Sol ar
1981 a

Energy Research Institute
h Ne~ prosperity; Building g Sustainable
~nergy E1!.t1!~~ Andover, MA:Brick
House PUblishing.

1981b ~~W gn~ .B~n~wgbl~ ~n~I.9Y in 1ob~ ~ni.t~~
States Qf America. Washington: GPO.

University of Oklahoma.
Program.
1975

The Science and Public Policy
~n~r9Y hl1o~r.ng.tiy~..Q~ h ~Qm~grg.tiy~
hnglY.Qi..Q. Prepared for CEQ, ERDA, EPA,
FEA. FPC, DOl and NSF. Washington: GPO.

Villard, H. H.
1958 "Competition, Oligopoly and Research."

Journal of ~itical Economy 66, no. 6.
Wasserman, Harvey and Normon Solomon.
1982 .K.illin.g.QJJ.£.Q~.ll. New York: Delacorte

Press.



468

~vilber,
1978

Charles, and Robert Harrison.
liThe Methodological Basis of Insti tutional
Economics: Pattern Model, Storytelling,
and Holism." Journal Qf Econo~ Issues 12,
no 1.

Williams, Don
1982 liThe Developm ent of Nucl ear Power Reactor s:

A Study of Capitalist State Production."
Ph.D. diss., University of Massachusetts,
Amherst.

Wood, William.
1983 fl~gl~B~ ~BL~~~ Bi~k~ Bng B~~~lB~iQllL

Washington: American Enterprise Institute.
Woodmansee, John.
1975 . The ~orld Qf B Giant Corporation. Seattle:

North Country Press.


